A Study of Stock Market Linkages between the US and Frontier Markets by Todorov, Galin Kostadinov
Florida International University
FIU Digital Commons
FIU Electronic Theses and Dissertations University Graduate School
7-2-2012
A Study of Stock Market Linkages between the US
and Frontier Markets
Galin Kostadinov Todorov
gtodo001@fiu.edu
Follow this and additional works at: http://digitalcommons.fiu.edu/etd
This work is brought to you for free and open access by the University Graduate School at FIU Digital Commons. It has been accepted for inclusion in
FIU Electronic Theses and Dissertations by an authorized administrator of FIU Digital Commons. For more information, please contact dcc@fiu.edu.
Recommended Citation
Todorov, Galin Kostadinov, "A Study of Stock Market Linkages between the US and Frontier Markets" (2012). FIU Electronic Theses
and Dissertations. Paper 658.
http://digitalcommons.fiu.edu/etd/658
 
FLORIDA INTERNATIONAL UNIVERSITY 
Miami, Florida 
 
 
 
A STUDY OF STOCK MARKET LINKAGES BETWEEN THE US 
AND FRONTIER COUNTRIES 
 
A dissertation submitted in partial fulfillment of 
the requirements for the degree of 
DOCTOR OF PHILOSOPHY 
in 
ECONOMICS 
by 
Galin Todorov 
 
 
2012 
 
 
 
 
 
 
   ii 

To:   Dean Kenneth G. Furton  
         College of Arts and Sciences 
 
This dissertation, written by Galin Todorov, and entitled A Study of Stock Market Linkages 
between the US and Frontier Markets, having been approved in respect to style and intellectual 
content, is referred to you for judgment. 
 
We have read this dissertation and recommend that it be approved. 
 
 
_______________________________________ 
Brice Dupoyet 
 
_______________________________________ 
Sheng Guo 
 
_______________________________________ 
Cem Karayalcin 
 
_______________________________________ 
Prasad Bidarkota, Major Professor 
 
 
Date of Defense: July 02, 2012 
 
The dissertation of Galin Todorov is approved. 
 
 
 
_______________________________________ 
DD Dean Kenneth G. Furton    
College of Arts and Sciences 
 
 
_______________________________________ 
Dean Lakshmi N. Reddi 
University Graduate School 
 
 
 
 
 
Florida International University, 2012 
  
 
 
 
   iii 

ACKNOWLEDGMENTS 
 I wish to thank my committee chair Dr. Prasad Bidarkota for his patience, support, and 
guidance throughout the dissertation stage of my education. 
I also wish to thank Dr. Cem Karayalcin for his useful comments, advice, and support in 
all aspects of my academic journey. 
Dissertation year fellowship, generously awarded by the FIU Graduate School, is 
gratefully acknowledged. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   iv 

ABSTRACT OF THE DISSERTATION 
A STUDY OF STOCK MARKET LINKAGES BETWEEN THE US 
AND FRONTIER COUNTRIES 
by 
Galin Todorov 
Florida International University, 2012 
Miami, Florida 
Professor Prasad Bidarkota, Major Professor 
My dissertation investigates the financial linkages and transmission of economic shocks 
between the US and the smallest emerging markets (frontier markets).  
The first chapter sets up an empirical model that examines the impact of US market 
returns and conditional volatility on the returns and conditional volatilities of twenty-one frontier 
markets. The model is estimated via maximum likelihood; utilizes the GARCH model of errors, 
and is applied to daily country data from the MSCI Barra. We find limited, but statistically 
significant exposure of Frontier markets to shocks from the United States. Our results suggest that 
it is not the lagged US market returns that have impact; rather it is the expected US market returns 
that influence frontier market returns.  
The second chapter sets up an empirical time-varying parameter (TVP) model to explore 
the time-variation in the impact of mean US returns on mean Frontier market returns. The model 
utilizes the Kalman filter algorithm as well as the GARCH model of errors and is applied to daily 
country data from the MSCI Barra. The TVP model detects statistically significant time-variation 
   v 

in the impact of US returns and low, but statistically and quantitatively important impact of US 
market conditional volatility.  
The third chapter studies the risk-return relationship in twenty Frontier country stock 
markets by setting up an international version of the intertemporal capital asset pricing model. 
The systematic risk in this model comes from covariance of Frontier market stock index returns 
with world returns. Both the systematic risk and risk premium are time-varying in our model. We 
also incorporate own country variances as additional determinants of Frontier country returns. 
Our results suggest statistically significant impact of both world and own country risk in 
explaining Frontier country returns. Time-variation in the world risk premium is also found to be 
statistically significant for most Frontier market returns. However, own country risk is found to 
be quantitatively more important. 
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I. ON INTERNATIONAL FINANCIAL SPILLOVERS TO FRONTIER MARKETS
I.I. Introduction
The main issue investigated in this article is the extent to which contemporaneous returns and
conditional volatility of 21 frontier markets were affected by the fluctuations in returns and conditional
volatility on the American stock market during the period between December 1st, 2005 and January
15th, 2010.
The World Bank defines emerging markets as markets for which GDP per capita falls bellow a
certain time-dependent hurdle. Frontier markets are defined as emerging markets that are investable,
but have lower capitalization and market liquidity compared to the more developed emerging markets.
Financial spillovers exist because of real economic and financial ties between world economies.
As a result of the existence of such ties, new information arising in one country affects not only local
returns and volatility, but also the returns and volatility of assets traded on other markets. The impact
of a change in returns of one stock market on the returns of another stock market is defined as returns
spillovers, and the impact of a change in returns volatility of one stock market on the returns volatil-
ity of another stock market is defined as volatility spillovers. The new information may be absorbed
immediately by other markets, or with a delay, depending on the presence and number of informed
investors, information asymmetry, level of market liquidity, existence of feed back traders and herding
behavior, high transaction costs and other potential market specific factors. The magnitude and speed
of spillovers provide valuable insight into the nature and swiftness of dissemination of such new infor-
mation among countries. The size of spillovers reflects how global investors feel about news, as well
as their appraisal of its impact on asset prices across markets.
In order to travel across borders, information needs transmission channels. In the short run, asset
price changes are the primary channel for transmission of financial shocks across borders. Owing to
the dependence of frontier markets on common bank creditors and cross market portfolio re-balancing
by investment funds, financial markets and institutions have been shown to act as a major tool for
cross-border shock transmission (Kodres and Pritsker (2002), Calvo (1999), Pritsker (2001)). Detailed
review of spillover transmission channels is offered by Pritsker (2001), and Kaminsky and Reinhart
(2002).
The great majority of theoretical and empirical work has so far been concentrated on exploring
spillovers among the mature and more developed emerging markets. However, the growing size and
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importance of frontier markets naturally draw considerable interest from investors, policy makers, and
academics alike. In this study we extend the existing literature by analyzing the extent to which small
markets are vulnerable to shocks from the USA, as represented by the returns and volatility spillovers
from the US market to 21 frontier stock markets.
The exposure of the smallest developing markets to financial shocks from US is a matter of substan-
tial concern for international investors. Frontier markets are often considered very risky. That however,
might not stem from those markets not being fundamentally sound; it might just be that investors do
not know much about them. This study may provide financiers with further information about potential
investment and portfolio diversification opportunities in those 21 small economies. Direct investment,
project risk evaluation, cost of capital calculation, asset pricing and allocation, in addition to the devel-
opment of hedging techniques can potentially benefit from this article as well.
Policy makers may take advantage of this study since understanding inter-market connections could
provide for more informed decisions, improve macroeconomic management, as well as advance their
ability to time, predict, and evaluate susceptibility of a country to shocks from abroad. Improved
assessment of the nature and origin of a financial shock and possible subsequent economic downturn
may facilitate the adaptation of more appropriate anti-crisis techniques and thus alleviate, or at least
shorten, the suffering of those most affected by the deterioration of economic conditions.
Exploration of potential inter-market linkages may also aid academics in shedding more light on
the outcome of market liberalization on capital flows and mobility. Enhanced awareness of market
co-movement may expand their understanding of the significance of the structure and potential effects
of free cash flows as well as any subsequent restrictions. Furthermore, this study may assist academics
in forecasting and evaluating the reaction of international financial markets to global and local shocks,
as well as in achieving deeper understanding of the shock transmission mechanisms.
Last but not least, when analyzing these economies, we should not be confused with the meaning
of the word small: it refers only to the per capita income, not to the number of people living in those
economies. The population of Argentina alone is close to 40 million, Romanian population is over 20
million, and in any one of those small economies live people struggling to survive every day. This
paper will try to answer the question of how quickly, and how badly were those markets affected by the
recent economic downturn and may even provide some insights about future macroeconomic policy
course.
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The evidence presented in this article suggests that spillovers from USA to frontier markets are
rather weak, albeit statistically significant. One possible implication is that the global economic down-
turn worked its way in these countries through a different transmission channel, or that the economic
deterioration in those frontier markets is mainly the result of an idiosyncratic country specific shock.
Furthermore, our results put forward the notion that it is not the lagged US market returns that have
influence, rather it is the expected US market returns that have impact on frontier market returns. The
inference is that despite different opening hours, non- synchronous trading, stale orders, information
asymmetry and other possible small market inefficiencies, the frontier markets absorb news from the
USA almost immediately at the time of the news release. This finding leads us to the conjecture that
frontier market might not at all be inefficient, rather, their real and financial sectors might be resilient to
influence from the US. From the perspective of a global financier, this finding means that there might
exist some diversification benefits from investing in these developing economies. From the perspective
of a developing country policy maker it means that a potential increase in capital flows from the US does
not necessarily increase local market volatility even in times when the US economy is deteriorating.
In section I.II. of this article we proceed with relevant literature review on financial spillovers; in
section I.III we present the data and offer some descriptive statistics; section I.IV develops the empirical
models; in section I.V. we report and discuss our results; section I.VI. concludes.
I.II. Literature Review
Interdependency and correlations among world financial markets have been investigated since the
mid 1960s, however, this area of international finance gained most of its popularity after the stock
market crash of 1987 with King and Wadhwani (1990) establishing the unidirectional impact of the US
stock returns on other markets, Hamao, Masulis, and Ng (1990) confirming the unidirectional impact
of US market return volatility, and Eun and Shim (1989) examining the interdependency across nine
stock markets. Harvey (1995) found that adding emerging market assets to a portfolio significantly
enhances its opportunity set. He showed that the exposure of emerging markets to common factors
is low and that it is more likely that local variables have stronger influence than do global variables.
Aggarwal, Inclan, and Leal (1999) support the last claim, reporting that important local events in each
country, rather than global factors, tend to be associated with sudden changes in volatility. Bekaert and
Harvey (1997) ascertain that capital market liberalization increases return spillovers across markets but
does not affect market volatility, while Tanizaki and Hamori (2009) determine that market volatility
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is increasing in the amount of information available. From asset allocation point of view, increasing
spillover effects are generally associated with an increase in cross market correlations and thus reduced
opportunities for cross border portfolio diversification (Bekaert, Harvey (2000), (2003)).
The literature on financial spillovers received a significant boost after the 1997 Asian crisis. Sola,
Spagnolo, and Spagnolo (2001) find unidirectional volatility spillovers from Thailand, the country
where the crisis originated, to most of the countries in the region. Caporale, Cippollini, and Spagnolo
(2003) confirm unidirectional spillovers in returns from the Thai stock market. Kim (2005) and Gebka
and Serwa (2006) affirm the significant influence of the American market on the Asian markets at all
times, and Gebka and Serwa (2007) find significant contemporaneous spillovers from the USA during
the same period.
Egert and Kocenda (2009), as well as Fadhlaoui, Bellalh, Dherry, and Zonaouri ( 2009) find some
evidence for short term spillovers, but no long term relations, between developed and emerging markets
of Central and Eastern Europe. Yu and Hassan (2006) and Al-Kulaib, Najand, and Mashayekh (2009)
find no spillovers from the USA to the Middle East, North African, and Gulf Cooperation Countries,
while Chen, Firt, and Rui (2000) suggest high correlation of Latin American countries with world
markets and thus limited potential for portfolio diversification.
Psillaki, and Margaritis (2008) claim no long term relationship, but some short term interdepen-
dence between the USA stock market and the French and German stock markets. Pollard, Sapra,
and Canarella (2007), on the other hand, find significant impact from both the USA market returns
and volatility on the Canadian and Mexican markets. Beirne, Caporale, Schulze-Ghatts and Spagnolo
(2008) suggest that mature markets influence the conditional variances in many emerging markets.
Sgherri and Galesi (2009) clarify for 27 countries that asset prices are the main channel of transmission
of financial shocks internationally in the short run.
I.III. Data
In this article we use daily MSCI Barra index closing prices to explore the returns on the US stock
market and 21 frontier markets for the period from December 1st, 2005 to January 15th, 2010. The
daily returns for each country are calculated as follows:
Rit = 100∗ ln(Pit/Pi(t-1))∗252
where Pit is the value for each country’s index closing price at time t.
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We choose daily data since it will better account for the stock market dynamics and provides greater
insight on cross-market interactions.The countries included are: Argentina, Bahrain, Bulgaria, Croatia,
Estonia, Jordan, Kazakhstan, Kenya, Kuwait, Lebanon, Mauritius, Nigeria, Oman, Pakistan, Qatar,
Romania, Saudi Arabia, Slovenia, Sri Lanka, Tunisia, and United Arab Emirates. The countries and
duration of the period under study are chosen such that the longest index series is available for the
greatest number of countries. Lithuania, Serbia, Ukraine, Bangladesh, Trinidad and Tobago, Jamaica,
Botswana and Ghana are also defined by the World Bank as frontier markets, but are not included in
this study because of the lack of data for a sufficiently long period.
Morgan Stanely Composite Indices indices are established consistently across countries and thus
provide an adequate ground for exploration of inter-market relations. They are value-weighted and
calculated with the dividends reinvested. In order to avoid double counting, stock prices of companies
set up abroad are not included. All indices are in US dollars, which provides additional comparability
across markets and implicitly takes care of currency market effects.
Descriptive statistics for the US and 21 frontier markets are reported in Table 1.1. The statistics
include annualized arithmetic and geometric means, median, maximum, and minimum geometric re-
turns for each country, as well as skewness, excess kurtosis, Jarque-Bera, Ljung-Box (6), and Arch
(6) test statistics. Annualized arithmetic mean returns range from 0.09% for Kazakhstan to -0.08% for
UAE and -0.0003% for the US market. The annualized geometric mean returns range from 25.29%
for Kazakhstan to -34.58% for UAE and -2.36 % for the USA. The annualized standard deviation of
geometric returns ranges from 801.3% for Kazakhstan to 279.07% for Tunisia and 405.58% for the
USA. The mean returns are low as anticipated, considering that the period under study incorporates
the economic downturn of 2007-2009. The standard deviation is quite high for the frontier markets, as
expected (Harvey (1995)). It could be resulting from various liquidity effects or heterogeneous infor-
mation sets of investors. The standard deviation is quite high for the US returns as well, representing
the turmoil on the US market. The null hypothesis for no skewness is rejected at 5% significance level
for Kazakhstan, Kenya, Mauritius, and Sri Lanka; the values for skewness are positive for all four
countries. All countries display high and significant excess kurtosis, possibly because of time varia-
tion of conditional variance, as well as significant non normality as represented by the Jarque-Bera test
statistic. The returns for all countries are highly serially correlated at 6 lags. No statistically signifi-
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cant auto-correlation is exhibited by the returns from Argentina, Bahrain, Kuwait, Romania, and Saudi
Arabia.
The summary statistics provided in Table 1.1 offer an insight that contrasts with the existing litera-
ture. The average returns and standard deviation for frontier markets are not much different than for the
USA. One implication could be that these markets, however young, may not represent a considerable
diversification opportunity for foreign investors. This could be the result of the fact that these markets
are economically and financially integrated with the US market. Another possibility is that the frontier
market indices under study may be comprised mainly of internationally operating companies for which
shocks from the US have greater impact than local market shocks. These indices may or may not truly
represent the financial and economic sectors of the respective countries, in which case we can infer
nothing about integration.
I.IV. Methodology
In the Data section we have demonstrated the presence of substantial deviations from normality
and considerable leptokurtosis in the country data series. One type of models that can capture these
characteristics is the Arch type models. Arch type models were first introduced by Engle (1982) to
account for the influence of changing volatility in time series. Engle (1982) represents the conditional
variance as a linear function of lagged squared residuals. The basic specification for an Arch model has
the form
Rt = a+ut
ut = h1/2t zt
zt ∼ iidN(0,1)
ht = b0+b1u2t-1
Because only one lag of squared residual is incorporated, a model such as the above is called
Arch(1).
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Bollerslev (1986) modified the Arch model by allowing lagged values of the conditional variance
to be incorporated in the conditional variance equation. A basic GARCH (p,q) model describes the
conditional variance as
Rt = a+ut
ut = h1/2t zt
zt ∼ iidN(0,1)
ht = c0+
p
∑
i=1
ciu2t-i+
q
∑
i=1
biht-i
In order to avoid negative conditional variance the parameters of the variance equation must be
non-negative, c0 > 0, ci ≥ 0, bi ≥ 0.
Generalized Auto Regressive Conditional Heteroskedasticity models are shown to better account
for fat tails and volatility clustering resulting from time variation in conditional volatility. It has also
been found that GARCH (1,1) specification is the most appropriate for capturing these effects ( Boller-
slev 1986, Enders 2001, Hamilton 1994).
In this paper we utilize two separate models to describe the evolution of returns in emerging mar-
kets. First, we utilize univariate GARCH (1,1) model to specify market returns as a function of own
past values; then we specify a bivariate model that accounts for the impact of returns and volatility from
the US market.
UNIVARIATE MODEL
The univariate model is defined as follows:
Rjt = b0+
12
∑
i=1
biR
j
t-i+u
j
t
ujt =
√
hjtzt
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zt ∼ iidN(0,1)
hjt = a0+a1u
j2
t-1+a2h
j
t-1
Rjt− log index return for country j.
b0− the portion of the returns explained by factors other than shocks and past returns.
bi−parameter representing the impact of own country lagged returns on current returns.
ujt−represents the unexplained portion of the country returns.
hjt−conditional variance for country j. It is interpreted as a proxy for market sentiment towards
news originating within the country.
a0−GARCH regression constant; represents the portion of the conditional volatility explained by
factors other than the lagged excess returns and lagged conditional volatility. It is the portion of the
market sentiment that is due neither to market sentiment towards news in the past, nor to excess returns.
a1−parameter representing the impact of lagged excess returns.
a2−parameter representing the impact of market sentiment towards past news originating within
the country .
The above specification is estimated for returns from all 21 frontier markets, as well as the United
States. The number of lagged returns included in the best-fitting model is determined using the
Schwarz-Bayesian Criterion (SBC). A summary of the best-fitting models is presented in Table 1.2;
discussion is offered in section I.V.
BIVARIATE MODEL
In this section we upgrade the best-fitting univariate model to a bivariate model in order to account
for the effect of the USA returns and conditional volatility on the market returns of individual countries.
The bivariate model is defined as follows:
Rjt = b0+
12
∑
i=1
biR
j
t-i+
12
∑
i=0
ciRust-i+u
j
t
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ujt =
√
hjtzt
zt ∼ iidN(0,1)
hjt = a0+a1u
j2
t-1+a2h
j
t-1+a3h
us
t +a4h
us
t-1
where the variables and parameters additional to the univariate model are defined as follows:
Rust-i−log index returns for the US market representing shocks originating from the USA. When
i = 0 we consider shocks on the US market that occur on the same day as the returns of the country
under study. When i> 0, we consider past shocks to the US market.
ci−parameter represents return spillovers from the US market to the market of the country under
study. When i= 0, c0 represents the impact on returns of contemporaneous US shocks, and when i> 0,
ci represents the impact on returns of past US shocks.
hust −conditional variance for the USA market. It is interpreted as a proxy for market sentiment of
traders on the USA market towards news originating in the USA and is derived from the univariate
model of US market returns.
a3& a4 parameters representing the impact of market sentiment of US investors towards contem-
poraneous news originating in the USA on the sentiment of the individual frontier country investors.
We choose to consider a GARCH model without any asymmetry, although the asymmetric impact
on financial series volatility of negative news has long been studied (Glosten, Jagannathan, Runkle
(1993)). For emerging markets, however, no asymmetry effects have been shown and any potential
asymmetry is assumed to enter through the idiosyncratic shock ujt (Bekaert, Harvey, & Ng 2005).
The above specification is estimated for returns from all 21 frontier markets. The number of lagged
US returns included in the best-fitting bivariate model is determined using the Schwarz-Bayesian Cri-
terion (SBC). Table 1.3 reports a summary of the best-fitting models; discussion is offered in section
I.V.
HYPOTHESIS TESTING
9
In this text we investigate whether the country’s own lag market return effects bi and the US current
and lagged market return effects ci have any statistical significance. We utilize the LR test to explore
the null hypothesis of whether bi = 0 and ci = 0, where the number of lags i of local and US returns
is determined using the SBC. Further, we apply the LR test to examine the impact of the volatility
spillover effects a3, and a4; the hypotheses tested are a3 = 0 and a4 = 0. We also study the possibility
for homoscedasticity of the error term; we do that by applying the LR test to the null hypothesis:
a1 = a2 = a3 = a4 = 0. At the 5% significance level and the null for homoscedasticity is rejected in
favor of the Garch specification. The test statistics derived from the significance tests performed on the
best-fitting bivariate models are presented in Table 1.4 and a summary is reported in Table 1.5.
I.V. Empirical Results
UNIVARIATE MODEL
For each country we investigate 12 models, where each model is specified based on a different
number of included own country lagged returns. The number of lagged returns under consideration
ranges from 1 to 12, and the best-fitting model is determined using the Schwarz-Bayesian Criterion
(SBC). A summary of the coefficients from the estimation the best-fitting univariate models for all
countries is presented in Table 1.2
According to the Schwarz-Bayesian criterion (SBC), for the US and 20 out of the 21 frontier mar-
kets, with Kenya being the only exception, the best-fitting univariate model is one that includes only
one period lagged home returns, and is defined as follows:
Rjt = b0+b1R
j
t-1+u
j
t
ujt =
√
hjtzt
zt ∼ iidN(0,1)
hjt = a0+a1u
j2
t-1+a2h
j
t-1
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One possible implication that can be inferred from this finding is that the influence of shocks from
home is no more persistent for the frontier markets than for the USA market.
For Kenya, the best-fitting univariate model is
Rjt = b0+b1R
j
t-1+b2R
j
t-2+u
j
t
with the other equations as described above.
Table 1.2 suggests magnitude of the regression constant b0 greater than 0.1 for more than half of
the countries. The presence of a significant positive constant means the unconditional expected returns
are positive. This suggests optimistic outlook of investors about the future. The constant captures latent
factors determining the mean of the returns, as well as unobservable variables affecting the returns, but
omitted in our model. The existence of such factors may be due to potential unavailability of data other
than lagged returns, or poor quality of the available data. Potential latent factors could be political
instability, government regulations, corruption, international compatibility of accounting standards, as
well as different regional factors.
For several countries, Table 1.2 reports lower magnitude of the constant, relative to their peers. The
relatively low magnitude of the constant implies low, or even negative mean returns for these countries,
low or negative expected returns, and thus relatively pessimistic prospects about the future. The low
magnitude may also imply that there is more data available for these countries, as well as better quality
of the data, which is fully captured by the index returns. One implication of such possibility could
be that markets in these countries are more efficient, which results in the weaker presence of latent
factors and unobservable variables. Another possibility is that while home markets as a whole may be
unable to incorporate all relevant information, the returns of the companies having most weight in the
MSCI index are resilient to local factors other than past returns. This resilience could be because the
companies in question operate mostly internationally, there is more and better quality data available for
them, or they are large enough to not be affected by home market processes.
According to Table 1.2, for most of the countries the influence of past returns bi is below 0.1. For
eight countries, the impact of past returns is greater than 0.1. The greater the impact of past returns,
the longer it takes for those markets to evaluate the full effect of past shocks. One possibility is that the
economies of these countries are not that well diversified, and a shock to one sector trickles to other
sectors and that trickle takes time to be evaluated.
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The magnitude of the variance constant a0 for most of the countries is between zero and one, as
presented in Table 1.2. For the USA the value of the variance constant is 0.086, which is the lowest for
all countries. Since the US market has been shown to be efficient in incorporating information (Fama
(1998)), the effect of any unobservable variables or latent factors is absorbed immediately through a
change in returns. For the frontier markets, the lowest constant value is for Kenyan returns: 0.098. For
four markets the magnitude of the constant is greater than one. Those markets are Argentina (1.711),
Lebanon (2.5), Mauritius (1.549), and Pakistan (1.4).
Table 1.2 further indicates the influence of one period lagged events on current market sentiment
a1 is between 0.5 and 1, for almost all countries, including the US (0.919). Considering that the period
under study incorporates periods of great market turbulence and uncertainty, it seems reasonable to
assume that the impact of any past news is being continuously reassessed. A high coefficient of impact
may imply not only abundance of information, but also abundance of important information, such as
announcement of structural reforms, or lack there of, announcements of new government policies or
regulations, outdated statistical information. The only country with relatively low impact of past local
news is Estonia (0.087). Considering that Estonia is a small, export oriented economy, it is realistic to
believe that the index data is composed of predominantly export oriented companies, for which local
information is relatively unimportant relative to global news and thus the coefficient of impact of past
local news is relatively low.
BIVARIATE MODEL
A summary of the results from the estimation of bivariate models for each of the 21 frontier markets
is presented in Table 1.3. For each country we investigate 13 models, where each model is specified
based on a different number of included US lagged returns. The number of lagged returns under
consideration ranges from 0 to 12, and the best-fitting model is determined using the Schwarz-Bayesian
Criterion (SBC). According to the Schwarz-Bayesian criterion (SBC), for 16 out of the 21 frontier
markets the best-fitting bivariate model is one that includes only contemporaneous US market returns
and no US lagged returns. The model is specified as follows:
Rjt = b0+b1R
j
t-1+ coR
us
t +u
j
t
ujt =
√
hjtzt
12
zt ∼ iidN(0,1)
hjt = a0+a1u
j2
t-1+a2h
j
t-1+a3h
us
t +a4h
us
t-1
where hust is derived from the uni-variate model for US returns.
For four countries, Bahrain, Kuwait, Oman, and Tunisia, Table 1.3 suggests the bivariate model
contains one period US lagged returns, along with the contemporaneous returns:
Rjt = b0+b1R
j
t-1+ c0R
us
t + c1R
us
t-1+u
j
t
with the other equations the same as above.
For the Kenyan market, the bivariate model contains two period lagged domestic returns and con-
temporaneous returns from the US. This model is as follows:
Rjt = b0+b1R
j
t-1+b2R
j
t-2+ c0R
us
t +u
j
t
with other equations as above.
DISCUSSION OF SPILLOVERS
The center piece of the bivariate model, summarized in Table 1.3, is the investigation of return
and volatility spillovers from the US to the local markets as measured by the parameters c0, a3, and
a4. The greatest return spillovers from the USA are to Argentina (0.957), Kazakhstan (0.237), and
Romania (0.329). For majority of the countries the impact coefficients fall between 0.0 and 0.1, with
4 markets experiencing negative spillovers: Jordan (-0.021), Lebanon (-0.059), Nigeria (-0.027), and
Kenya (-0.028) at lag one.
For Argentina, Kazakhstan, and Romania the high impact coefficients may indicate deep eco-
nomic inter-dependence between those countries and the US, rather than financial relations only. The
economies of these four countries are predominantly export oriented and trade relations might be one
reason for economic integration. If the trade export of those economies is predominantly to the USA,
then they might not be well diversified and thus vulnerable to shocks from the American market. One
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implication is that in these four countries, international investors may find little or no scope for di-
versification. Not such is the situation with the markets experiencing negative impact from the US:
Jordan, Lebanon, Nigeria, and Kenya. The negative relation between the US returns and returns in
those countries implies low degree of inter-dependence between local economies and the US economy
and thus presence of possible diversification opportunities from the standpoint of international portfolio
managers. From a policy maker’s point of view, those countries seem resilient to shocks from the US
market. One implication is that downturn in USA should not be blamed for recession in those countries,
and any economic slow down is more likely to be “home grown” rather than “imported” from US, at
least not through this channel.
It is interesting to note that although the local and US market returns occur on the same date, the
markets under study open before the US market and have little or no overlap in trading hours. Most
of those markets open seven or more hours before the US market opens, with the exception being
Argentina opening one hour ahead, Nigeria and Tunisia five hours ahead, and Slovenia six hours ahead.
One important implication of this finding is that it might not be the actual US returns that matter, but
the expected US returns. Any announcements made in the USA after closing of the stock exchanges on
day one, and before opening on day two, are absorbed by the US market on day two. Throughout the
trading day on local frontier markets, investors observe those announcements, and incorporate them in
their asset valuation immediately, while they only get incorporated in the US returns on the next trading
day in the US, which in most cases starts just after closing of local markets. To better describe such a
situation, we could say that it is the US overnight returns that affect the local markets, rather than the
actual daily returns, where the overnight returns are defined as the change in price between closing on
day one and opening on day two. The overnight returns form the expected returns, and are reflected in
the US daily returns on the next day, so those returns seem to affect the local market returns despite the
fact that local markets may close for the day before the US market opens. Similar discussion and more
details on the international transmission of overnight returns can be found in Hamao, Masulis, and Ng
(1994), Lin, Engle, and Ito (1994), and Baur and Jung (2006).
For thirteen of the twenty one frontier markets, Table 1.3 reports the impact coefficient of lagged
home returns b1 is greater than the impact coefficient of the current US returns c0. This finding implies
that for the period under study for those markets, the average impact of domestic shocks is stronger
than the average impact of shocks from the US market. As a result, the economies of those countries
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may be less vulnerable to US market deterioration relative to their peers. The opposite is true for
the remaining eight markets. For those, the average influence of shocks from the US is greater than
the average influence of domestic shocks, and their economies may be more vulnerable to US market
shocks relative to their peers.
The impact coefficients a3 and a4 representing volatility spillovers give us the scale of transmission
of market sentiment from the US stock market to the local markets of the countries under study. In
accordance with literature on emerging markets, Table 1.3 reports that volatility spillovers are weaker
relative to return spillovers. Current period spillover parameter a3 for most of the countries falls be-
tween 0.00 and 0.05. The low magnitude of impact coefficients imply weak, albeit statistically signif-
icant, cross-market transmission of market sentiment from the US market. The degree of transmission
of market sentiment might also be indicative of the presence of feed back trading and herding be-
havior. The low parameter values imply very limited presence of those inefficiencies. Exception are
Argentina (0.084), Bulgaria (0.158), Croatia (0.103), Mauritius (0.33), Romania (1.836), and Saudi
Arabia (0.122). Similarly for one period lagged spillovers, majority of the countries fall in the range
between 0.00 and 0.05. Exceptions are Bahrain (0.693), Bulgaria (0.112), Kenya (0.119), Lebanon
(0.066), Nigeria (0.161), Oman (0.686), Romania (0.436), and Saudi Arabia (0.28). For these mar-
kets, and especially for Romania, there is stronger indication for cross-border transmission of market
sentiment and thus more prominent presence of herding behavior and feed back trading.
It is worth exploring whether the market sentiment of local market investors hjt is affected mostly
by the current and lagged market sentiment of US investors hUSt and h
US
t-1 , or by the local investors’
sentiment towards domestic lagged events hjt-1. For most of the countries, Table 1.3 indicates magnitude
of the impact coefficient of lagged own market news a1 between 0.5 and 1.0. This result implies
that past local news and local market sentiment on average have stronger impact on local investors
compared to both current and lagged news from the US market. For several countries like Kenya,
Lebanon, Nigeria, Romania, and Saudi Arabia, the coefficient capturing the effect of local news on
market sentiment is not significantly different from null. For these countries, the sentiment of US
investors is more important than local factors. For five countries, the value of variance constant a0 is
quite high: 6.033 for Kenya, 8.194 for Lebanon, 6.081 for Nigeria, 9.675 for Romania, and 22.271 for
Saudi Arabia. Implication is that for these frontier markets there is significant influence of international
and domestic factors other than those included in the Garch specification. One possible explanation is
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that those economies are mostly export oriented and their exports are sensitive to a wide variety of
international factors.
To summarize, for half of the countries, the influence of local shocks and market sentiment is
stronger than the influence stemming from the US market. The interdependence of most of the frontier
markets with the US market is weak, albeit significant. The weak interdependence can be attributed
to fluctuations in the relative significance of market specific shocks versus shocks from the US. When
shocks from US dominate domestic shocks, markets will move closer together and will appear more
integrated. When domestic shocks dominate shocks from the US, the markets will move further apart
and will appear more segmented. In addition, frontier markets could be underrepresented in global
portfolios and thus be insulated from portfolio re-balancing. Last but not least, the US and frontier
market indices may have significantly different structure which may further reduce the cross-border
market co-movement. Furthermore, we find that local markets absorb information from US as soon as
it appears which implies frontier markets are highly informationally efficient.
I.VI. Conclusion
In this article we examine the degree to which the returns and conditional volatility of 21 fron-
tier markets were affected by the fluctuations in returns and conditional volatility of the American
stock market during the period between December 1st, 2005 and January 15th, 2010. Using Schwarz-
Bayesian criterion we find that for seventeen countries the best-fitting model is one that includes only
the contemporaneous US returns, and for four countries, the best-fitting model includes one period
lagged US returns as well. We find weak, albeit significant, mostly positive return spillovers from the
US market. For four countries, Jordan, Lebanon, Nigeria, and Kenya, we find weak negative spillovers,
implying possible diversification opportunities. For thirteen markets, the influence of past local shocks
is greater than the influence of current shocks from the US, and for sixteen markets local past volatility
has stronger impact than volatility from US.
We find that frontier markets incorporate new information as soon as it arrives and for most of the
countries local information is weighted heavier relative to information from the USA.
The research presented in this article may be extended using time-varying parameter techniques
to better account for market dynamics and possible switching dominance overtime of domestic and
US shocks. Other extensions could be the investigation of the effects of incomplete information and
16
fat tails on market interdependence, as well as an empirical assessment of various shock transmission
channels across frontier markets.
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Table 1.2. Summary of the best-fitting univariate models for the US and each of the 21 frontier
markets.
Univariate Model
Country b0 b1 b2 a0 a1 aa
Argentina 0.359 0.013 0.629 0.084 0.133
(0.14) (0.03) (0.11) (0.02) (0.02)
Bahrain -0.11 0.09 0.629 0.843 0.126
(0.09) (0.04) (0.11) (0.02) (0.02)
Bulgaria 0.198 -0.084 0.318 0.887 0.109
(0.11) (0.04) (0.13) (0.02) (0.02)
Croatia 0.263 0.114 0.792 0.844 0.114
(0.11) (0.03) (0.31) (0.05) (0.03)
Estonia -0.052 0.119 0.25 0.087 0.133
(0.1) (0.03) (0.09) (0.02) (0.02)
Jordan -0.064 0.045 0.144 0.922 0.07
(0.09) (0.03) (0.05) (0.01) (0.01)
Kazakhstan 0.37 -0.024 0.597 0.91 0.076
(0.17) (0.03) (0.22) (0.02) (0.02)
Kenya -0.003 0.27 0.085 0.098 0.913 0.089
(0.09) (0.04) (0.04) (0.042) (0.01) (0.01)
Kuwait 0.133 0.063 0.166 0.933 0.06
(0.1) (0.04) (0.05) (0.01) (0.00)
Lebanon 0.006 0.121 2.505 0.593 0.361
(0.1) (0.04) (0.59) (0.07) (0.07)
Mauritius 0.23 0.215 1.549 0.644 0.321
(0.09) (0.04) (0.37) (0.06) (0.06)
Nigeria 0.023 0.447 0.613 0.77 0.19
(0.08) (0.03) (0.173) (0.04) (0.04)
Oman 0.121 0.099 0.294 0.878 0.111
(0.09) (0.04) (0.06) (0.01) (0.02)
Pakistan 0.248 0.091 1.4 0.742 0.2
(0.12) (0.03) (0.27) (0.03) (0.03)
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Qatar -0.018 0.098 0.798 0.868 0.104
(0.122) (0.04) (0.17) (0.02) (0.02)
Romania 0.237 0.04 0.21 0.976 0.02
(0.18) (0.03) (0.06) (0.00) (0.00)
S. Arabia 0.023 0.038 0.251 0.933 0.062
(0.13) (0.04) (0.08) (0.01) (0.01)
Slovenia 0.227 0.189 0.555 0.848 0.117
(0.1) (0.03) (0.35) (0.07) (0.05)
Sri Lanka -0.04 0.237 0.278 0.826 0.18
(0.08) (0.04) (0.06) (0.02) (0.03)
Tunisia 0.145 0.064 0.454 0.776 0.189
(0.07) (0.04) (0.12) (0.03) (0.03)
UAE -0.058 0.136 0.329 0.922 0.076
(0.134) (0.04) (0.1) (0.01) (0.01)
USA 0.124 -0.097 0.086 0.919 0.074
(0.07) (0.03) (0.02) (0.01) (0.01)
Note:
The estimation is done via ML utilizing 1077 daily observations of country returns between De-
cember 1st, 2005 and January 15th, 2010 as given by MSCI Barra country indices.
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Table 1.3. Summary of the best-fitting bivariate models for each of the 21 frontier markets.
Bivariate Model
Country b0 b1 b2 c0 c1 a0 a1 a2 a3 a4
Argentina 0.18 0.111 0.957 1.31 0.72 0.185 0.084 0.017
(0.12) (0.03) (0.05) (0.44) (0.07) (0.04) (0.314) (0.31)
Bahrain -0.11 0.101 0.017 0.1 3.126 0.000 0.123 0.000 0.693
(0.09) (0.04) (0.03) (0.1) (0.47) (0.00) (0.03) (0.00) (0.07)
Bulgaria 0.19 -0.065 0.085 0.67 0.728 0.112 0.158 0.112
(0.11) (0.04) (0.05) (0.31) (0.07) (0.03) (1.21) (1.219)
Croatia 0.24 0.107 0.13 1.672 0.676 0.155 0.103 0.000
(0.11) (0.04) (0.04) (0.54) (0.09) (0.05) (0.05) (0.00)
Estonia -0.02 0.131 0.111 0.17 0.83 0.14 0.039 0.04
(0.1) (0.03) (0.04) (0.12) (0.03) (0.02) (0.65) (0.65)
Jordan -0.06 0.044 -0.02 0.144 0.91 0.073 0.009 0.000
(0.09) (0.03) (0.03) (0.07) (0.02) (0.01) (0.01) (0.00)
Kazak. 0.34 -0.003 0.237 0.613 0.897 0.081 0.016 0.016
(0.17) (0.03) (0.06) (0.23) (0.02) (0.02) (0.00) (0.00)
Kenya -0.02 0.216 0.11 -0.028 6.039 0.000 0.409 0.001 0.119
(0.09) (0.03) (0.1) (0.03) (0.47) (0.00) (0.06) (0.02) (0.04)
Kuwait -0.01 0.064 0.003 0.1 6.71 0.000 0.031 0.000 0.781
(0.11) (0.04) (0.04) (0.0) (0.64) (0.00) (0.02) (0.00) (0.08)
Lebanon -0.36 -0.249 -0.059 8.194 0.000 1.088 0.000 0.066
(0.1) (0.03) (0.03) (0.87) (0.00) (0.13) (0.00) (0.042)
Mauritius 0.25 0.213 0.037 2.095 0.196 0.512 0.33 0.008
(0.08) (0.04) (0.03) (0.48) (0.06) (0.08) (0.00) (0.000)
Nigeria 0.02 0.49 -0.027 6.081 0.000 0.261 0.000 0.161
(0.09) (0.03) (0.03) (0.57) (0.00) (0.05) (0.00) (0.05)
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Oman 0.071 0.111 -0.004 0.1 3.216 0.000 0.081 0.000 0.686
(0.09) (0.04) (0.03) (0.1) (0.04) (0.03) (0.03) (0.00) (0.07)
Pakistan 0.25 0.092 0.019 1.394 0.743 0.197 0.000 0.000
(0.12) (0.03) (0.02) (0.27) (0.03) (0.03) (0.00) (0.000)
Qatar -0.05 0.098 0.003 0.762 0.838 0.103 0.01 0.05
(0.12) (0.04) (0.04) (0.22) (0.03) (0.02) (0.00) (0.00)
Romania 0.17 0.07 0.329 9.675 0.000 0.114 1.836 0.431
(0.16) (0.03) (0.06) (1.59) (0.00) (0.04) (0.00) (0.00)
S. Arabia -0.12 0.04 0.086 2.271 0.001 0.072 0.122 0.28
(0.16) (0.04) (0.05) (1.30) (0.00) (0.02) (1.19) (1.19)
Slovenia 0.21 0.198 0.096 1.479 0.575 0.13 0.174 0.056
(0.1) (0.03) (0.04) (0.47) (0.12) (0.03) (2.34) (2.35)
S. Lanka -0.04 0.237 0.061 0.382 0.732 0.24 0.018 0.017
(0.08) (0.04) (0.03) (0.11) (0.05) (0.05) (0.19) (0.19)
Tunisia 0.16 0.12 0.078 0.1 4.458 0.000 0.217 0.000 0.093
(0.08) (0.04) (0.02) (0.1) (0.39) (0.00) (0.05) (0.00) (0.03)
UAE -0.06 0.13 0.01 0.351 0.902 0.082 0.016 0.018
(0.14) (0.04) (0.05) (0.14) (0.02) (0.01) (0.3) (0.3)
Note:
The estimation is done via ML utilizing 1077 daily observations of country returns between De-
cember 1st, 2005 and January 15th, 2010 as given by MSCI Barra country indices. All country indices
are in US currency.
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Table 1.5. Summary of hypothesis test results
Country Spillovers Spillovers from Current Spillovers from one-period Garch
in Mean Period US Volatility Lag US Volatility
Argentina yes yes yes yes
Bahrain yes no no yes
Bulgaria yes yes yes yes
Croatia yes yes yes yes
Estonia yes yes yes yes
Jordan yes yes yes yes
Kazakhstan yes yes yes yes
Kenya yes yes yes yes
Kuwait yes yes yes yes
Lebanon yes no yes yes
Mauritius yes yes yes yes
Nigeria no yes yes yes
Oman yes no yes yes
Pakistan yes yes yes yes
Qatar yes yes yes yes
Romania yes yes no yes
S. Arabia yes yes yes yes
Slovenia yes yes yes yes
Sri Lanka yes yes yes yes
Tunisia yes yes yes yes
UAE yes yes yes yes
Note:
Presence of garch effects, and return and volatility spillovers for each of the 21 frontier markets.
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II. TIME-VARYING FINANCIAL SPILLOVERS FROM THE US THE FRONTIER MAR-
KETS
II.I. INTRODUCTION
The impact of a change in returns of one financial market on the returns of financial markets abroad
(called return spillovers) depends on the financial openness of the foreign countries, as well as the
nature of cross-country economic and financial linkages. As a result of such linkages, news released in
one country may affect not only local market returns, but the returns of foreign markets as well. The
newly arrived information may be reflected either instantly in the foreign market returns, or with a lag,
depending on informational asymmetries, market liquidity, and other local market factors. The more
financially open a stock market is, the more synchronized its returns are with the returns of foreign
markets, and the greater the scope for return spillovers.
Conventional econometric models often assume a stable relationship between dependent and inde-
pendent variables, embodied in fixed parameters. In the context of return spillovers, this assumption
asserts constant sensitivity of local market returns to changes in returns of other stock markets. How-
ever, in a dynamically changing economic environment, such an assumption may not be realistic. For
example, markets under study may be undergoing structural changes during the period of interest, or
they may be experiencing macroeconomic reforms. Such an assumption could be particularly inappro-
priate when Frontier markets are in consideration, since as those markets evolve and mature, sensitivity
of local returns to shocks coming from abroad may be evolving as well. Furthermore, the parameter
stability assumption may not fully utilize all information embodied in the sequential nature of market
returns and thus may not fully account for the dynamic evolution of the economic system. As a re-
sult, the estimated time-invariant sensitivity will be hardly useful in deriving any inferences or for any
forward projections (Wells 1996).
Time-variation in return spillovers affect opportunities for international portfolio diversification
and thus are of considerable interest for rational international investors. Hedging strategies depend
on shocks to stock markets being relatively isolated, but if shocks travel quickly across international
borders, the benefits of diversification may be undermined. Considering time-variable spillovers allows
investors to better assess the speed and magnitude of shock transmission, and thus better utilize all
available information. This may improve financial series forecasting, cost of capital calculation, and
asset allocation. Knowledge about the evolution of spillovers could provide Frontier market policy
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makers with improved and more up-to-date information about the state of the economy, as well as
about the nature and origin of any unrest in the local markets. It could enable them to better predict
and assess the effects of shocks originating abroad, and thus facilitate adoption of more appropriate and
better-timed monetary and fiscal policy decisions. Investigation of time-varying cross-market linkages
may also be of interest to academics seeking to shed more light on the evolution of local economies and
financial markets. It would enhance evaluation of the impact of local and global shocks on international
financial markets, as well as improve understanding of shock transmission mechanisms. The scale
of financial spillovers may provide important insights about the propagation of information across
countries and enhance awareness of market co-movements.
In this study we investigate potential time-variability in the impact of US stock market returns
on the returns of twenty-one Frontier markets during the period between December 1st, 2005 and
January 15th, 2010. In addition to possible time-varying return spillovers, we also investigate the
impact of the conditional volatility of US returns on the conditional volatilities of the Frontier markets
(referred to as returns volatility spillovers). In our analysis, we only consider time-invariant volatility
spillovers. Nonetheless, the transmission of volatility is an important subject of consideration. With
volatility being a proxy for stock market uncertainty, volatility spillovers are the primary process by
which financial unrest is transmitted internationally. Understanding volatility spillovers thus becomes
important for international portfolio diversification and hedging strategies.
To investigate time-varying returns spillovers, we set up a a time-varying parameter (TVP) model.
Spillover effects in volatility are modeled by augmenting a standard GARCH(1,1) model with volatility
effects stemming from current period and one-period lagged US conditional volatility. The model can
be cast into a state space form. However, it is not time-invariant as the ’coefficient’ multiplying the
state variable (the TVP parameter) is current period US returns. The model is estimated by the Kalman
Filter. Several restricted versions of the general model are also estimated with Frontier country returns.
Statistical tests on constancy of the mean spillovers parameter (i.e. a test for constant parameter),
tests for no spillover effects in mean returns and/or volatility, as well as other hypotheses of interest
are performed. Relative contributions from the US and own-country lagged effects on both mean and
volatility of Frontier countries’ returns are explored.
The rest of the paper is organized as follows. Section II.II. reviews relevant literature on TVP
models that have been used to study financial market spillovers. Section II.III. presents the data, the
28
main empirical TVP model and estimation results. Section II.IV. considers some important hypotheses
of interest, and reports statistical inferences that can be drawn on these hypotheses from the data.
Section II.V. provides a discussion of the results obtained. Section II.VI. offers concluding remarks
and prospects for future research.
II.II. LITERATURE REVIEW
Time-variation in financial spillovers has long been recognized in international finance literature.
Two approaches are commonly adopted to address non-constancy in parameters. The first approach is
to divide the sample into turbulent and calm periods. To determine turbulent and non-turbulent periods,
Dungey et al. (2005) suggest using post-sample rationalizations, Kaminsky and Schmukler (1999) uses
news release data in studying the Asian crisis, and Aggarwal et al. (1999) divide their sample based on
local and global events in studying the volatility of emerging markets.
The second approach is to use the sample data itself to distinguish turbulent from calm periods.
Bialkowski et al. (2006) use a Markov switching framework to distinguish between turbulent and non-
turbulent periods in studying spillovers among mature markets. Gebka and Serwa (2006) differentiate
between calm and and turbulent periods using a threshold VAR in exploring spillovers between US and
eight South-East Asian countries. Beirne et al. (2008) use dummy variables to capture parameter shifts
when examining spillovers from mature to emerging markets. Diebold and Yilmaz (2009) incorporate
parameter variability using rolling-sample regressions.
Although the literature cited above admits that spillover parameters are variable over time, it ad-
dresses this variability by distinguishing only between turbulent and calm periods. There is nothing,
however, to guarantee that the spillovers are constant within either period. It could be that in turbu-
lent times, as financial institutions re-balance portfolios, the liabilities of economies grow, and their
exposure to cross-border shocks increases exponentially. It could be that the economies, as well as the
financial institutions, evolve over time. It could be that major structural, political, and macroeconomic
reforms are taking place on an ongoing basis. Or, it could be that the place of the country on the
international trade scene is evolving over time.
In order to incorporate potential time-varying spillovers effects from such causes, we explore time-
variability of return spillovers using time-varying parameter (TVP) models. These models can be cast
in state space form and, hence, are amenable to estimation using the Kalman filter. The Kalman filter
facilitates examination of return spillovers regardless of the state of the economy (whether turbulent
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or not). The picture of international return spillovers the filter portrays is more detailed and compre-
hensive, as the technique allows spillover parameters to be updated every period using all information
available at the time. The incorporation of GARCH-like model of errors allows us to account for
heteroscedasticity inherent in financial series, as well as to investigate volatility spillovers within the
context of the TVP model.
The Kalman Filter has been used in an international setting to investigate evolving market efficiency
and integration. For instance, Zalewska-Mitura and Hall (1999) use it in combination with GARCH
errors to investigate efficiency of the Hungarian stock market. Rockinger and Urga (2001) use a similar
model to investigate market efficiency of the Czech, Polish, Hungarian, and Russian stock markets.
Brooks et al. (2002) compare the performance of GARCH and Kalman filter models in investigating
time-varying country risk. Jochum (1998) uses it in combination with bivariate GARCH-M errors to
investigate the behavior of the risk premium on the Swiss stock market. Choudhry and Wu (2009)
find the Kalman filter to be overwhelmingly superior in forecasting weekly stock returns of twenty UK
firms compared to GARCH models. Further review of applications of the Kalman filter in economics
can be found in Pasricha (2006) and Bouye (2009).
II.III. EMPIRICAL MODELS OF MARKET RETURNS
To explore evolution of financial spillovers from the US, we use daily closing prices of the MSCI
Barra Index for the United States and twenty-one Frontier markets. Our sample spans the period from
December 1st, 2005 to January 15th, 2010 and contains 1077 observed closing prices.
We obtain percentage annualized returns for each country K as a log difference in daily closing
prices:
RKt = 100∗ (lnPKt − lnPK(t-1))∗252 (1)
where PKt stands for closing price of each country’s index at day t and 252 represents the average
number of trading days in a calendar year.
Daily returns have been chosen for our investigation to better account for stock market dynamics.
Market efficiency would suggest that news is quickly and efficiently incorporated into stock prices
(Fama 1998). Therefore, while information generated yesterday may be significant in explaining prices
today, it is less likely that information generated last week would have much impact today. Furthermore,
changes in rates of return are news-driven. Announcements such as declarations of war, profit forecasts
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and changes in interest rates are factors that affect market sentiment and drive equity prices in the short
run. Using daily stock data permits an analysis of how investor sentiment can be transmitted from one
market to another.
The following Frontier markets are included in our sample: Argentina, Bahrain, Bulgaria, Croatia,
Estonia, Jordan, Kazakhstan, Kenya, Kuwait, Lebanon, Mauritius, Nigeria, Oman, Pakistan, Qatar, Ro-
mania, Saudi Arabia, Slovenia, Sri Lanka, Tunisia, and United Arab Emirates. The markets and length
of the sample have been chosen such that the longest time series are attainable for the greatest number
of countries. Lithuania, Serbia, Ukraine, Bangladesh, Trinidad and Tobago, Jamaica, Botswana and
Ghana are also classified as Frontier markets by the World Bank, but they are not analyzed in this study
due to lack of a sufficiently long sample series. Since MSCI indexes are designed consistently across
countries, they offer an adequate platform for investigation of cross-market spillovers. The MSCI in-
dexes are value-weighted and compounded with dividends reinvested. To avoid double counting, stock
prices of companies set up abroad are not included. All indexes are in US dollars, providing additional
comparability across markets and implicitly taking care of currency market effects.
Model of US Market Returns
We begin with an investigation of US market returns. Our most general Model 1 describing US
returns incorporates time-varying impact of one-period lagged US returns. It is specified as follows:
RUSt = θ
US+aUSt R
US
t-1 +u
US
t (2)
uUSt ∼ iidN(0,HUSt )
HUSt = b0+b1H
US
t-1 +b2u
2 US
t-1 (3)
aUSt = c(1−ρ)+ρaUSt-1 +nUSt (4)
nUSt ∼ N(0,QUS)
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In the model above, RUSt is US index returns, and θUS its unconditional mean. The time-varying impact
of lagged US returns is captured by the parameter aUSt . Using the terminology of state space models,
Eq. (2) is the measurement equation. It relates the observed (explained) variable RUSt to the state
variable (time-varying parameter) aUSt . The ’coefficient’ multiplying the state variable is current period
US returns. Eq. (4) is the state equation describing the evolution of aUSt as an AR(1) process. Detailed
exposition of such state space models, along with their estimation via the Kalman filter, can be found
in Harvey (1989) and Hamilton (1994).
The term uUSt is the unexplained portion of US returns and H
US
t its conditional variance, a proxy
for US financial market uncertainty. Equation (3) is a standard GARCH(1,1) model for the conditional
variance of the observation equation error uUSt . The GARCH parameters b1 and b2 capture the impact
of previous period US conditional volatility (uncertainty) and unexpected news about mean returns
on current volatility, respectively. In what follows, we estimate the above model as well as several
restricted versions of it using US returns data.
Model of Frontier Market Returns
Model 1 for Frontier country market returns is specified as follows:
RKt = θ
K+aUSt R
US
t +a
KRKt-1+u
K
t (5)
uKt ∼ N(0,HKt )
HKt = b0+b1H
K
t-1+b2u
2 K
t-1 +b3H
US
t +b4H
US
t-1 (6)
aUSt = c(1−ρ)+ρaUSt-1 +nUSt (7)
nUSt ∼ N(0,QUS)
E(uKt n
US
t ) = 0
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The termRKt represents index returns of Frontier country K, and θK its unconditional mean. The effect
of contemporaneous US returns on Frontier country mean returns is captured by the parameter aUSt . It
accounts for time-varying spillovers in mean returns from the US to the Frontier country. The impact
of one-period lagged own-country returns is captured by the parameter aK, assumed to be fixed rather
than time-varying for simplicity. This does not interfere with our main object of study here, which
is an investigation of time-variation in return spillovers from US to Frontier markets. The volatility
specification in eq. (6) is a standard GARCH(1,1) model, augmented with current and past US volatility
terms. Accordingly, the parameters b3 and b4 represent volatility spillovers from US to the individual
country. The conditional variance of the unexplained portion of Frontier market returns HKt is a proxy
for local market uncertainty.
In earlier analysis, for sixteen of the twenty-one Frontier markets, Bidarkota and Todorov (2010)
determine the best-fitting model to incorporate only current period US returns in Eq. (5). For Bahrain,
Kuwait, Oman, and Tunisia, they determine the best-fitting model to include not only current, but also
one-period lagged, US returns. For Kenya, they determine the best-fitting model to incorporate 2-period
own country lagged returns as well. For simplicity, we omit lagged US returns as well as 2-period own
country lagged returns. Accordingly, we estimate Eq. (5) for all countries in our sample.
It is interesting to note that most Frontier markets open five or more hours before the US market
opens, with the exception being Argentina (opening one hour ahead). One important implication is
that return spillovers may not reflect the impact of actual realized US returns, but expected US returns.
Any announcements made in the US after closing of the stock exchanges on day 1, and before opening
on day 2, are reflected in the US market on day 2. Throughout the trading day on day 2 on local
Frontier markets, investors observe those announcements, and incorporate them in their asset valuations
immediately. To better describe such a situation, we could say that it is the US overnight returns that
affect the local markets, rather than the actual daily returns, where the overnight returns are defined as
the change in price between closing on day 1 and opening on day 2. The overnight returns form the
expected returns, and are reflected in US daily returns on the next day. Those returns seem to affect
local market returns despite the fact that local markets may close for the day before the US market
opens. Similar discussion and more details on the international transmission of overnight returns can
be found in Lin, Engle, and Ito (1994), Hamao, Masulis, and Ng (1994), and Baur and Jung (2006).
Estimation Issues
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Model 1 for US returns and for Frontier market returns can be cast as linear conditionally Gaussian
state space models. An important point worth noting about Model 1 is that the state space model
is not time-invariant. The ’coefficient’ multiplying the state variable (the TVP parameter) is current
period US returns. Nonetheless, they can be easily estimated using the Kalman filter algorithm. The
filter also enables estimation of the spillover parameter (the state variable) every period utilizing all
available information to date. With linear Gaussian models, the Kalman filter provides the most efficient
estimator. A somewhat similar model is estimated by Rockinger and Urga (2001). With non-linear
and/or non-Gaussian models, the filter is no longer optimal. Modified versions of the filter such as the
extended Kalman filter are available. Detailed description of the Kalman filter and the conditions for
its optimality can be found in Harvey (1989) and Hamilton (1994).
The GARCH model of errors accounts for volatility clustering that has been well-documented in
returns data. With volatility clustering, large changes tend to follow large changes, and small changes
tend to follow small changes. The changes from one period to the next are typically of unpredictable
sign. Large disturbances, positive or negative, influence the magnitude of the realization of next pe-
riod’s disturbance through the variance term. In this way, large shocks can persist for several periods.
The GARCH model of errors however has some limitations. Although explicitly designed to model
time-varying conditional variances, it fails to capture wild market fluctuations (for example, crashes
and bubbles) and other unanticipated events leading to structural changes. For instance, time-varying
volatility spillovers depending on an underlying state variable that tracks the state of the economy have
been considered (Baele 2005). Furthermore, GARCH errors often fail to fully capture fat tails observed
in asset returns (Creal, Koopman, and Lucas 2010).
Empirical Results
Maximum likelihood (ML) estimates of Model 1 for the US are presented in Table 2.1. The long-
run unconditional mean of returns θ is estimated to be 12.044 percent per annum, although it is not
statistically significantly different from zero. The unconditional mean of the time-varying coefficient
on lagged returnsC is estimated to be -0.098. The AR parameter ρ driving this time-varying coefficient
is 0.948, but the standard deviation
√
QUS of the signal shock nt driving the AR process is essentially
zero, suggesting no time-variation in this parameter. The GARCH parameter a1 is estimated to be 0.911
and the ARCH parameter a2 to be 0.08, in line with values reported in numerous earlier studies.
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Table 2.1 also reports estimates of a restricted version of Model 1 for the US in column 3 with aUSt
being constant (Model 2). Thus, the restricted specification in column 3 features no time-variation in
the impact of lagged returns on current mean returns. The parameter estimates and their standard errors
for Model 2 reported in column 3 are largely identical to those reported for Model 1. We compare
Model 1 (the unrestricted model) with its restricted version using a likelihood ratio (LR) test. The test
statistic is reported in the bottom row of Table 2.1. Testing Model 2 against Model 1 (test for no time-
variation in aUSt ) results in an LR statistic of only 0.118. Constancy of a
US
t cannot be rejected even at
large significance levels, using critical values from the χ2 distribution with two degrees of freedom.
We proceed by testing Model 2 (the unrestricted model) for homoskedasticity. The resulting large test
statistic of 728.437 (details not reported) overwhelmingly rejects in favor of time-varying volatility.
Thus, results of the hypotheses tests indicate that the best-fitting model of US returns is the constant
parameter restricted version of Model 1, referred to as Model 2 above (i.e., the GARCH model with
constant aUSt ). In what follows, time-varying conditional variances of US returns estimated with this
model are used to estimate Model 1 (and several restricted versions) using data on Frontier market
returns.
Panel 1 in Figure 2.1 depicts observed returns for the US along with their one-step ahead predictions
using the best-fitting Model 2. The figure clearly shows the unusually large fluctuations in returns
observed during the global financial crisis around year 2009. The panels in Figure 2 plot US conditional
volatility, as measured by the estimated standard deviation
√
HUSt in percent per annum, using Model
2 (along with the estimated conditional volatility for select Frontier countries to be discussed below).
The conditional volatility ranges from a high of 1370 percent per annum in late 2008 to a low of 97
percent.
The parameter estimates and standard errors are reported in Table 2.2. The unconditional mean
of returns θK for seven countries are estimated to be higher than the US value reported in Table 2.1,
with the highest value for Kazakhstan at 31 percent annualized. For seven countries, the estimated
mean returns are negative, with the lowest for Sri Lanka at -10 percent annualized. Estimates of the
parameter on lagged own country returns aK is positive for all Frontier markets, except Bulgaria (-
0.067). The highest estimate is for Nigeria (0.443). These estimates are statistically significant for all
but three countries.
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Estimates of the mean US return spillovers parameter C are positive for 17 of the 21 countries.
These estimates range from a high of 0.994 for Argentina to a low of -0.022 for Jordan. These estimates
are however statistically significant for only 9 of the countries. Estimates of the AR parameter ρ
governing time variation in spillovers from the US to Frontier countries are positive for 13 countries.
These range from a high of 0.813 for Pakistan to a low of -0.974 for Oman. These estimates are
statistically significant for 10 countries. Estimates of the standard deviation of the signal shock nUSt
driving the spillover process aUSt , denoted by
√
QUS is zero for 7 countries. Such a value essentially
implies that, for these 7 countries, there is no time-variation in spillovers from the US. Except for
Bulgaria, these are all countries in the Middle East (Bahrain, Jordan, Kuwait, Oman, Qatar, and S.
Arabia).
Estimates of the GARCH parameter b1 range from a high of 0.98 for Romania to a low of 0.55
for Bahrain. Estimates of the ARCH parameter b2 range from a high of 0.21 for Mauritius to a low
of 0.02 for Croatia. Estimates of the impact of current US volatility on Frontier markets volatility b3
range from a high of 0.44 for Bahrain to a low of 0 for Slovenia, Nigeria, and Pakistan. Estimates of
the impact of one-period lagged US volatility b4 on all Frontier markets is essentially zero.
The various panels of Figure 2.1 plot observed returns for a few Frontier countries (selected in
alphabetical order) along with their fitted values derived from Model 1. The figures show that for
almost all countries (except Argentina and Nigeria), Model 1 captures only a small portion of the daily
return fluctuations.
The various panels of Figure 2.2 plot estimates of the standard deviations
√
HKt from Model 1.
Each panel drawn for a selected Frontier country also shows plot of the standard deviation
√
HKt from
the best-fitting Model 2 for the US. The figures show that these volatilities are consistently higher for
10 Frontier countries than the US. Volatility in the US peaks in late 2008 and early 2009 coinciding
with the turmoil in global financial markets. This is replicated and/or magnified for 11 of the Frontier
countries. For some countries such as Nigeria and Pakistan, the peak in volatility clearly lags that for
the US. For many Frontier markets, the volatility plots show numerous episodes of volatility clusters
(with smaller peaks than around late 2008-early 2009) than is evident for the US. For these countries,
we expect a lower degree of comovement of conditional volatilities with the US.
The various panels of Figure 2.3 plot time-varying US return spillovers parameter aUSt . As indicated
earlier, for 7 of the countries for which
√
QUS is estimated to be zero, the plots show aUSt converging
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to a constant value. Because the algebraic sign of the estimate of the AR parameter ρ is negative for
these countries, the convergence is oscillatory. Except for Sri Lanka, for all the remaining countries,
estimates of ρare positive. For UAE, the estimates of aUSt are essentially zero. Typically, the magnitude
of spillovers aUSt ranges between -0.5 and 0.75, with occasional spikes in both directions. Argentina is
the only country with no estimated negative spillovers.
The various panels of Figure 2.4 plot the decomposition of Frontier country fitted returns into US
and local market components. Quantitatively significant impact of US returns is found for 13 of the 21
markets. For 2 markets, Argentina and Kazakhstan, the effect of US returns is larger relative to that of
lagged local returns. This implies that the evolution of returns in these countries is primarily governed
by US market performance. For another set of countries, Bulgaria, Croatia, Estonia, Romania, Saudi
Arabia, and Tunisia, the US component is about as important as local market component. On the other
hand, returns for Jordan, Mauritius, Pakistan, Qatar, Slovenia, and Sri Lanka are dominated by the
local market component. However, the impact of US returns remains strong. The remaining markets,
Kenya, Kuwait, Lebanon, Nigeria, Oman, UAE, and Bahrain, are overwhelmingly dominated by the
local component and the influence from US is minimal.
The various panels of Figure 2.5 plot the decomposition of Frontier country estimated conditional
volatility into US and local market components. Quantitatively significant impact of US volatility is
found for 18 of the 21 markets, the exceptions being Kenya, Pakistan, and Sri Lanka. This effect
is strongest for Romania, for which the US volatility spillover component is about as strong as the
local market volatility component. For 4 markets, Bahrain, Mauritius, Romania, and Slovenia, the
US volatility component is relatively large, implying that conditional volatility in these countries is
strongly influenced by US current and one-period lagged US volatility.
In summary, Model 1 estimated for Frontier countries captures only a small portion of their daily
return fluctuations. Most Frontier markets display volatility that is greater both in magnitude and
variability relative to the US. This is expected as developing markets are considered more risky and
hence are expected to exhibit greater uncertainty. Time-varying spillovers are important in 13 of the 21
Frontier countries. Quantitatively significant impact of US returns is found for 13 of the 21 markets.
Quantitatively significant impact of US conditional volatility is found for 18 of the 21 markets.
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In the next section, we formally test various restrictions on Model 1 that shed light on the economic
importance of information flows emanating from the US market relative to local market feedback ef-
fects.
II.IV Hypothesis Tests
All tests are carried out by constructing the likelihood ratio (LR) test statistics. Model 1 estimated
in section III is the most general (unrestricted) model in all the tests. The restricted model for each
hypothesis is described in the subsections below. Each restricted model is obtained by imposing suitable
restrictions on the parameters of Model 1. The LR test statistic is constructed as the difference Λ =
LnLu−LnLr, where LnLu is the maximized log-likelihood value for the unrestricted model and LnLr
is the corresponding value under the restrictions imposed by the null hypothesis. The resulting test
statistic Λ has a χ2 distribution with degrees of freedom equal to the number of restrictions imposed.
The null hypothesis is rejected if the value exceeds the appropriate critical value.
Test results are reported in Table 2.3. Values of LR test statistics are reported for each Frontier
country for each hypothesis. All statistical inferences drawn below assume a five percent significance
level. A summary of statistical inferences drawn is provided in Table 2.4. Parameter estimates for each
of the restricted models in Tables A.1-A.4 and figures for selected countries are ploted in in Figures
B1-B8. These figures provide a comparison of own-country lagged effects versus the effects from
contemporaneous and lagged US shocks on both the mean and volatility of Frontier country returns.
Test for no time-variation in spillovers in mean returns
In this subsection we examine the significance of time-variability of US return spillovers. Because
return spillovers transmit economic shocks, this clarifies whether the exposure of Frontier markets to
economic shocks in the US fluctuates over time. The issue is studied by comparing a model restricting
aUSt = constant with the general Model 1 estimated in Section III above. The specification under the
null is denoted as Model 2 and can be written as follows:
RK = θK+aUSRUSt +a
KRKt-1+u
K
t (8)
uKt ∼ N(0,HKt )
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HKt = b0+b1H
K
t-1+b2u
2 K
t-1 +b3H
US
t +b4H
US
t-1 (9)
Estimates of Model 2 are presented in Table A.1. Estimates of the constant spillover parameter
aUS are reported to be similar to the values of the unconditional expectation of return spillovers c from
Model 1 for Frontier countries reported earlier in Table 2.2. The estimated current and lagged volatility
spillover parameters b3 and b4 are also similar to those obtained from Model 1. Thus, information flows
transmitted through volatility spillovers are not significantly affected by the absence of time-variation
in return spillovers.
Loglikelihood Ratio test statistics for the null hypothesis are reported in the second column of Table
2.3. Time-variability of aUSt is statistically significant (null hypothesis is rejected) for 13 countries. This
indicates that time-variability of aUSt conveys economically important information that is not captured
by the restricted model. Thus, changing sensitivity to US economic shocks is important. The null
hypothesis of constant spillovers is not rejected for all the 7 Middle-Eastern countries in our sample as
well as for Pakistan. For these countries, exposure of their returns to economic shocks originating in
US is constant. This might be because some of the information transmitted through return spillovers is
not relevant for these countries or is already captured by volatility spillovers and GARCH effects.
The various panels of Figure B.1 plot the US components of Frontier country returns estimated by
Models 1 and 2. The contribution of US returns estimated from Model 1 is stronger for 5 countries,
namely, Bahrain, Kuwait, Nigeria, Pakistan, and UAE. Thus, for this set of countries, time-variation in
mean spillovers amplifies the estimated contribution of US effects on their mean returns. On the other
hand, for Lebanon, Mauritius, and Slovenia, the US contribution to their mean returns is estimated to
be larger from Model 2. For all other countries the US return components estimated by Models 1 and
2 are similar.
The contribution of US volatility to local market conditional volatility, estimated by Model 2 (Fig-
ure B.2) increases for 8 of the 21 markets. For the remaining 12 markets, shutting down time-variability
in return spillovers results in no substantive change in the estimated impact of current and one-period
lagged US volatility.
Test for no spillovers in volatility
Here we investigate the significance of US volatility spillovers to Frontier countries. As volatility
is a measure of market uncertainty, this sheds light on whether economic unrest in US is transmitted to
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Frontier countries through spillovers in volatility. We compare Model 1 with a version restricting b3 =
b4 = 0. Rejecting the null hypothesis highlights the importance of information flows through volatility
spillovers (Baele 2005, Bekaert and Harvey 1997) and the dissemination of economic disturbances
across countries through this channel. The specification under the null, denoted as Model 3 in what
follows, can be written as:
RKt = θ
K+aUSt R
US
t +a
KRKt-1+u
K
t (10)
uKt ∼ N(0,HKt )
HKt = b0+b1H
K
t-1+b2u
2 K
t-1 (11)
aKt = c(1−ρ)+ρaUSt-1 +nUSt (12)
nUSt ∼ N(0,QUS)
E(uKt n
US
t ) = 0
Estimates of Model 3 are presented in Table A.2. Results indicate that the parameters c, ρ and√
QUS remain largely unchanged for Slovenia. But, shutting down volatility spillovers causes the un-
conditional expectation of US return spillovers c to increase for all Frontier countries, except Argentina,
Kazakhstan, and Mauritius. The AR parameter ρ correspondingly increases for 11 countries. Only for
Mauritius, c decreases while ρ increases. Estimates of the standard deviation
√
QUS of the signal shock
nUSt increases for all Frontier countries, except Croatia and Romania.
LR test statistics for this hypothesis are presented in the third column of Table 2.3. The null hy-
pothesis can be rejected for 14 of the 21 Frontier countries. For the 14 countries for which volatility
spillovers are found to be important, information emanating from the US and transmitted through this
channel may result in increased susceptibility of these Frontier country returns to US market distur-
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bances. For the remaining 7 countries, volatility spillovers do not represent an important channel of in-
formation flows. This could be because information transmitted through volatility spillovers is already
captured by return spillovers and GARCH effects. Absence of volatility spillovers could potentially
make these countries less vulnerable to turbulence originating in the US market.
The various panels of Figure B.3 plot the US components of Frontier country returns estimated by
Models 1 and 3. The contribution of US returns estimated from Model 3 is stronger for 4 countries,
namely, Kuwait, Oman, Pakistan, and Qatar. Thus, for this set of countries, shutting down volatility
spillover effects from the US amplifies the estimated contribution of US effects on their mean returns.
This shows that information flows transmitted through mean returns now capture some of the spillovers
earlier transmitted through the volatility channel. On the other hand, for Mauritius and Nigeria, the US
contribution to mean returns is estimated to be actually larger from Model 1. This means that for these
two countries, shutting down volatility spillovers weakens mean returns spillovers as well. For all other
countries, the US components estimated by both Models 1 and 3 are similar. This means that for the
bulk of the Frontier countries, information flows being transmitted from the US through mean returns
and their volatility are largely orthogonal.
The contribution of lagged own country effects to local market conditional volatility, estimated by
Model 3 (Figure B.4), remains largely unchanged for all of the 21 markets.
Joint test for no spillovers in mean returns and no spillovers in volatility, or
Test for Complete Segmentation of US and Frontier Markets
Here, we investigate the possibility of complete segmentation of Frontier and US markets. This
clarifies the significance of US economic shocks and related disturbances for local markets. The analy-
sis is done by comparing the general Model 1 estimated in Section III above with a model featuring no
impact from US returns. Rejecting the null hypothesis confirms the importance of information flows
emanating from US and refutes the hypothesis of complete segmentation. The model under the null is
denoted as Model 4 and can be written as:
RK = θK+aKRKt-1+u
K
t (13)
uKt ∼ N(0,HKt )
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Model 4 estimates are reported in Table A.3. Estimates of θK increase for 14 countries. The AR
parameter aK on own country lagged returns increases for 5 of these countries, as well as for 3 others.
Estimates of the constant parameter in the volatility process b0 increases for 7 countries, GARCH
parameter b1 increases for 12 countries, and the ARCH parameter b2 increases for 14 countries.
The LR test statistics test are reported in Table 2.3, under the column heading ’Model 4’. The null
hypothesis is strongly rejected for all Frontier countries. Rejecting the null confirms the importance of
information flows from US and thus the impact of economic conditions there on Frontier country finan-
cial markets. This finding is in line with literature suggesting the importance of inter-market linkages.
Inter-dependencies among countries is a factor of great importance for portfolio diversification. It is
also important for determining the origin of economic crises and for designing relevant macroeconomic
policies.
The various panels of Figure B.5 plot one-period lagged own market components of Frontier coun-
try returns estimated by Models 1 and 4. The contribution of own-country returns estimated from
Model 4 is stronger only for Kazakhstan. On the other hand, for Argentina and Romania, own-country
returns contribution surprisingly declines once US effects are shut down. For all other countries, own
country lagged returns components estimated by Models 1 and 4 are similar, indicating orthogonality
of US and lagged own-country effects on mean returns.
The contribution of local market conditional volatility, estimated by Model 4 remains largely un-
changed for 19 of the 21 markets (Figure B.6). For Croatia and Romania, complete segmentation
results in increased estimated impact of local markets volatility factors.
Joint test for no impact of own market lagged information, or
Test for ’Complete Integration’ of US and Frontier Markets
Here we investigate whether local economic shocks remain significant, once disturbances from
US are taken into account. The analysis is done by comparing the general Model 1 with a model
featuring no impact of own market variables on either the mean or volatility of returns. Rejecting the
null hypothesis confirms the importance of own market information flows and refutes the possibility of
’complete market integration’. The model under the null is denoted as Model 5 and can be written as:
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K+aUSt R
US
t +u
K
t (15)
uKt ∼ N(0,HKt )
HKt = b0+b3H
US
t +b4H
US
t-1 (16)
aUSt = c(1−ρ)+ρaUSt-1 +nUSt (17)
nUSt ∼ N(0,QUS)
E(uKt n
US
t ) = 0
Estimates of Model 5 are reported in Table A.4. Relative to Model 1, the unconditional expectation
of US return spillovers c increases for 5 countries. The AR parameter estimate ρ increases for 11
countries. Estimates of the standard deviation
√
QUS of the signal shock nUSt driving the spillover
process aUSt increase for all countries except Romania.
Loglikelihood Ratio test statistics are reported in Table 2.3, under the column heading ’Model 5’.
The null hypothesis is overwhelmingly rejected for all Frontier countries. This confirms the impor-
tance of local market feedback effects. The LR test results here, in conjunction with those reported in
subsection II.IV above, clarify that Frontier markets are neither completely integrated nor completely
segmented from the US. Such a finding is relevant for investment decisions because less than fully in-
tegrated markets lower the importance of financial markets as a path for transmitting economic shocks
across countries.
The various panels of Figure B.7 plot the US components of Frontier country returns estimated
by Models 1 and 5. The contribution of US returns estimated from Model 5 is now stronger for 3
countries, namely, Oman, Qatar, and UAE. On the other hand, for Pakistan, US returns contribution
declines once own-country lagged effects are shut down. For all other countries, US contributions
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estimated from Models 1 and 5 are similar. This follows from the evidence on orthogonality of US and
lagged own-country effects on mean returns of Frontier countries.
Shutting down local market effects results in significantly increased estimated impact of US current
and one-period lagged volatility for all Frontier countries (Figure B.8). US volatility effects seem to be
amplified in the absence of local market effects.
Summary of hypotheses tests
In this section, we investigated several statistical hypotheses of interest. First, we tested for no time-
variability of US return spillovers to Frontier markets. Next, we tested for no spillovers in US volatility.
This was followed by a test for complete market segmentation and, subsequently, for complete market
integration. The statistical inferences from our tests for these hypotheses are summarized in Table 2.4.
Statistically significant time-variability of US return spillovers are found for 13 of the 21 frontier
markets. However, the presence of time-variability amplifies the quantitative impact of US returns for
only 5 countries as compared to a model with constant spillovers. But, it does not affect the quantitative
impact of US returns for 13 countries. Introduction of constant return spillovers does not affect the
estimated contribution of US market volatility in accounting for Frontier market returns volatility for
13 markets, but increases it for the remaining.
Exploring the assumption of no US volatility effects indicates statistically significant volatility
spillovers to 14 Frontier markets. It follows that these countries are exposed to economic unrest in the
US, while the remaining 7 are not as vulnerable. Shutting down volatility spillovers does not affect the
contribution of US returns in accounting for Frontier country mean returns for 15 markets, but increases
it for 4. The contribution of local components to Frontier market volatility remains largely unaffected.
Our results strongly reject the polar null hypotheses of complete market segmentation or complete
market integration. This indicates that Frontier markets are characterized as neither completely seg-
mented from US nor completely integrated with it. Shutting down US return and volatility spillover
effects completely does not change the contribution of one-period lagged local returns in accounting for
Frontier country mean returns for 18 countries, and increases it for only 1 country. The contribution of
local volatility effects remains largely the same for 19 countries but increases for 2. In testing for com-
plete market integration, when all the effects from own-country returns are shut off, the contribution of
US market returns in the estimated Frontier country mean returns remains largely unaffected for 17 of
the 21 countries, but increases slightly for 3 countries. The absence of local market effects, however,
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results in a quantitatively important increase in the weight of US current and one-period lagged volatil-
ity in explaining the conditional volatilities of all markets. These results from the polar null hypotheses
of complete market segmentation or complete market integration indicate possible orthogonality in the
contributions of current US and lagged own-country returns on Frontier countries mean returns.
We also conducted separate hypotheses tests of homoskedasticity and of time-invariance of all esti-
mated parameters in Model 1 (not reported for brevity). Both hypotheses are overwhelmingly rejected
for all Frontier countries.
II.V. DISCUSSION
The finding of statistically significant financial market integration between the US and Frontier
countries implies influence of US market returns and volatility on the mean and volatility of returns in
Frontier countries. The greater the degree of integration, the greater the spillovers from US to Frontier
markets, both in returns and volatility. Greater integration implies less country specific risk. However,
this makes these countries vulnerable to recessions in the US.
Cross-border transmission of US economic shocks depends largely on the depth of economic and
financial linkages between the US and Frontier countries. Establishing deeper and more liquid capital
markets with diverse institutional investors may improve the ability of local economies to withstand
shocks from abroad. Literature suggests several major ways of fostering robust financial markets (Kose
2003, Calvo, Izquierdo, and Mejia 2008, Reinhart 2009). Sound securities market infrastructure and
institutions such as securities exchange and clearing systems, as well as implementation of regulatory
reforms and international accounting standards, are also likely to be beneficial for developing healthy
capital markets.
Structural features and country-specific fragility are also key factors affecting market vulnerability
to shocks from abroad. For example, macroeconomic or financial weakness may increase suscepti-
bility to shocks. Countries with both strong international financial and economic linkages, and high
vulnerabilities are potentially more susceptible to spillovers. Domestic macroeconomic policies such
as fiscal, monetary and exchange rate policies can additionally influence the impact of transmitted
shocks. Higher current account and fiscal imbalances do little to insulate economies from transmission
of turbulence. However, they may help dampen the impact on real economy. Last but not least, timely
executed prudent economic policies may soften the impact of, and partly neutralize the effect of, US
economic shocks.
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II.VI. CONCLUSIONS
In this study, we investigate whether financial stock index returns from the US have spillover ef-
fects on the stock index returns in 21 Frontier countries, using data from December 1st, 2005 through
January 15th, 2010. We investigate spillovers from the US on both the mean and time-varying volatil-
ity of Frontier country returns. We entertain the possibility of time-variation in spillover effects in
mean returns by considering a time-varying parameter (TVP) model. Spillover effects in volatility are
modeled by augmenting a standard GARCH(1,1) model with volatility effects stemming from current
period and one-period lagged US conditional volatility.
The model can be cast into a state space form. However, it is not time-invariant as the ’coefficient’
multiplying the state variable (the TVP parameter) is current period US returns. The model is estimated
by Kalman Filter. Several restricted versions of the general model are also estimated. Statistical tests on
constancy of the mean spillovers parameter (i.e. a test for parameter constancy), tests for no spillover
effects in mean returns and/or volatility, as well as other hypotheses of interest are performed. Relative
contributions from US and own-country lagged effects on both mean returns and volatility of Frontier
countries are explored.
Our analysis suggests that time-varying spillovers are statistically significant for a majority of the
Frontier countries studied here. This implies time-varying exposure of these countries to US economic
shocks. The presence of time-variability does not, however, affect the quantitative impact of US returns
for most of these countries when compared with a model with constant spillover parameter. Most
Frontier markets are found to display volatility that is greater both in magnitude and variability relative
to the US. This is expected as developing markets are considered more risky and hence are expected to
exhibit greater uncertainty. Our TVP model detects statistically significant volatility spillovers as well
as quantitatively important impact of US conditional volatility for most of the Frontier markets. This
indicates that Frontier countries are vulnerable to economic unrest in the US. However, we find the
weight of US volatility factors in the conditional volatilities of most of the Frontier markets unaffected
by forcing return spillovers to be constant.
Our results strongly reject the null hypotheses of complete market segmentation and complete mar-
ket integration. This indicates that Frontier markets are characterized as neither completely segmented
from the US nor completely integrated with it. In testing for complete market integration, when all
the effects from own-country returns are shut off, the contribution of US market returns in the mean
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returns of most markets remains largely unaffected. However, the share of US current and one-period
lagged volatility in the conditional volatilities of all markets increases. The results from the polar null
hypotheses of complete market segmentation or complete market integration indicate possible orthog-
onality in the contribution of current US and lagged own-country returns on Frontier countries mean
returns.
The hypotheses of homoskedasticity and time-invariance of all estimated parameters are both over-
whelmingly rejected.
One line of extension of research presented in this article may be an explicit modeling of non-
linearities in the conditional mean and/or volatility relationship between US and Frontier market re-
turns. For instance, there is literature suggesting increased spillovers during times of increased volatil-
ity (Ramchand and Susmel 1998). Also, the GARCH model could be modified to incorporate the
leverage hypothesis. A second line of extension could be a multivariate investigation of time-varying
spillovers and volatility. See, for example, Creal, Koopman, and Lucas (2010), for a recent illustration
of this approach using the Student’s t distribution that accounts for fat tails as well. Information con-
tained in trading volume may also be useful in characterizing spillover effects. Geographic integration
among groups of Frontier countries, such as the Middle Eastern countries, may be worth understanding
(Baele 2005). An arguably more fruitful extension could be a theoretical exploration of the empirical
relationships suggested by this study.
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Table 2.1. Parameter Estimates - US
The most general Model 1 given by: RUSt = θUS + aUSt RUSt-1 + u
US
t , u
US
t ∼ iidN(0,HUSt ), HUSt = b0 +
b1HUSt-1 + b2u
2 US
t-1 , a
US
t = c(1−ρ)+ρaUSt-1 + nUSt , nUSt ∼ N(0,QUS). Model 2 is obtained by imposing
aUSt = constant on Model 1. The sample spans from Nov. 15th 2005 to Jan 15th 2010. Standard errors
are reported in parentheses below the parameter estimates. LR gives the value of the likelihood ratio
test statistic.
Parameters Model 1 Model 2
θ 12.044 12.041
(7.069) (6.946)
c -0.098 -0.097
(0.033) (0.0329)
ρ 0.948
(0.23)√
QUS 0.000
(0.000)
b0 884.449 883.868
(264.64) (264.26)
b1 0.911 0.911
(0.012) (0.012)
b2 0.08 0.08
(0.012) (0.012)
LogL -7587.715 -7587.775
LR(aUSt = const.) 0.118
Note:
1. LR(aUSt = const.) is a test for no time-variation in the AR(1) parameter. The 5% χ22 p-value
equals 5.99.
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Table 2.2. Parameter Estimates for Model 1
Model 1 for Frontier countries:
RKt = θK+aUSt RUSt +aKRKt-1+u
K
t , u
K
t ∼ N(0,HKt ), HKt = b0+b1HKt-1+b2u2 Kt-1 +b3HUSt +b4HUSt-1
aUSt = c(1−ρ)+ρaUSt-1 +nUSt , nUSt ∼ N(0,QUS), E(uKt nUSt ) = 0.
Standard errors are reported in parentheses below the parameter estimates.
Country θK c ρ
√
QUS aK b0 b1 b2 b3 b4
Argentina 10.5 0.99 0.67 0.21 0.11 0.68 0.80 0.14 0.11 0.00
(10.5) (0.04) (0.12) (0.06) (0.03) (0.00) (0.04) (0.03) (0.05) (0.00)
Bahrain -6.01 0.00 -0.96 0.00 0.09 0.64 0.55 0.16 0.44 0.00
(7.81) (0.01) (0.00) (0.00) (0.04) (0.00) (0.08) (0.03) (0.10) (0.00)
Bulgaria 22.16 0.07 -0.93 0.00 -0.06 5.00 0.86 0.10 0.10 0.00
(10.89) (0.04) (0.00) (0.00) (0.03) (0.00) (0.02) (0.02) (0.03) (0.00)
Croatia 14.48 0.14 0.30 0.50 0.12 1.49 0.96 0.02 0.01 0.00
(11.48) (0.03) (0.21) (0.08) (0.03) (7.07) (0.00) (0.00) (0.00) (0.00)
Estonia -1.38 0.12 0.01 0.41 0.12 0.56 0.89 0.07 0.05 0.00
(0.00) (0.04) (0.20) (0.06) (0.03) (0.00) (0.01) (0.01) (0.02) (0.00)
Jordan -5.61 -0.02 -0.78 0.00 0.04 0.71 0.93 0.06 0.01 0.00
(7.83) (0.02) (0.00) (0.00) (0.03) (0.00) (0.01) (0.01) (0.00) (0.00)
Kazakhst. 30.97 0.25 0.07 0.36 0.00 0.74 0.94 0.04 0.02 0.00
(16.62) (0.05) (0.41) (0.06) (0.03) (7.12) (0.01) (0.01) (0.01) (0.00)
Kenya 3.67 0.02 0.22 0.38 0.34 0.84 0.93 0.06 0.00 0.00
(8.20) (0.03) (0.16) (0.05) (0.03) (0.00) (0.00) (0.01) (0.00) (0.01)
Kuwait 10.06 0.00 -0.92 0.00 0.07 0.81 0.93 0.05 0.02 0.00
(9.90) (0.03) (0.00) (0.00) (0.03) (3.67) (0.01) (0.00) (0.01) (0.00)
Lebanon 5.73 -0.02 0.07 0.28 0.13 0.65 0.73 0.25 0.14 0.00
(26.15) (0.03) (1.28) (0.12) (0.04) (2.07) (0.04) (0.05) (0.03) (0.00)
Mauritius 29.28 0.06 0.08 0.63 0.23 0.64 0.57 0.21 0.24 0.00
(8.67) (0.03) (0.19) (0.06) (0.04) (3.21) (0.07) (0.06) (0.05) (0.00)
Nigeria 9.58 -0.01 -0.64 0.24 0.44 0.76 0.89 0.08 0.00 0.01
(7.67) (0.02) (0.12) (0.05) (0.03) (0.00) (0.01) (0.01) (0.00) (0.03)
Oman 9.10 0.01 -0.97 0.00 0.10 0.66 0.84 0.11 0.07 0.00
(8.84) (0.03) (0.07) (0.00) (0.03) (0.00) (0.02) (0.01) (0.02) (0.02)
Pakistan 1.07 0.02 0.81 0.15 0.10 0.57 0.89 0.10 0.00 0.04
(3.88) (0.03) (0.19) (0.11) (0.03) (1.69) (0.02) (0.02) (0.00) (0.01)
Qatar -9.35 -0.01 -0.95 0.00 0.09 0.83 0.87 0.09 0.09 0.00
(12.36) (0.04) (0.39) (0.00) (0.03) (0.00) (0.02) (0.01) (0.02) (0.00)
Romania 13.72 0.29 0.16 0.45 0.07 2.17 0.97 0.01 0.04 0.00
(15.42) (0.1) (1.00) (0.08) (0.03) (14.3) (0.00) (0.00) (0.01) (0.00)
S.Arabia -0.45 0.13 -0.92 0.00 0.04 0.61 0.93 0.06 0.02 0.00
(0.00) (0.04) (0.33) (0.00) (0.03) (0.00) (0.00) (0.01) (0.01) (0.00)
Slovenia 19.69 0.16 0.49 0.28 0.17 1.11 0.94 0.05 0.00 0.00
(9.49) (0.04) (0.34) (0.11) (0.03) (0.00) (0.01) (0.01) (0.00) (0.00)
S. Lanka -9.71 0.06 -0.31 0.49 0.24 0.77 0.94 0.04 0.00 0.00
(7.00) (0.02) (0.11) (0.05) (0.03) (0.00) (0.01) (0.00) (0.01) (0.07)
Tunisia 17.18 0.06 0.11 0.39 0.08 0.66 0.92 0.06 0.01 0.01
(7.14) (0.02) (0.18) (0.06) (0.03) (3.82) (0.02) (0.02) (0.02) (0.02)
UAE -0.56 0.00 0.50 0.00 0.13 0.48 0.91 0.07 0.06 0.00
(1.91) (0.05) (0.97) (0.04) (0.03) (1.26) (0.01) (0.01) (0.02) (0.00)
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Table 2.3. Hypothesis Tests
The table presents values of the test statistics derived from LR tests performed to examine restricted
versions of Model 1 for Frontier market returns. The LR-statistic is approximately chi-squared. It has
2 degrees of freedom for Models 2 & 3, 5 for Model 4, and 3 for Model 5. All tests are performed at
the 5% significance level. Respective critical values are as follows: 5.99 with 2 d.f.; 7.82 with 3 d.f.;
9.49 with 4 d.f.; and 11.07 with 5 d.f.
Model under H0
Country Model 2 Model 3 Model 4 Model 5
Argentina 9.572 5.09 343.551 131.576
Bahrain 0.021 152.778 475.823 26.8611
Bulgaria 12.697 58.501 60.97 51.632
Croatia 35.169 4.647 23.116 226.451
Estonia 11.073 13.343 38.209 128.63
Jordan 0.006 3.862 13.702 476.146
Kazakhstan 9.816 4.045 19.216 556.142
Kenya 16.128 3.234 17.901 351.252
Kuwait 0.001 18.421 18.568 440.989
Lebanon 2.928 51.504 76.22 467.694
Mauritius 18.814 27.678 60.366 106.388
Nigeria 13.227 21.108 42.086 374.232
Oman 0.007 5.515 19.402 205.541
Pakistan 3.226 16.877 72.413 315.625
Qatar 0.007 61.008 71.592 162.438
Romania 45.93 54.212 124.653 35.837
S.Arabia 0.007 8.895 30.472 839.083
Slovenia 6.371 52.75 76.391 114.68
Sri Lanka 52.489 0.997 77.202 350.446
Tunisia 36.571 31.739 52.207 226.96
UAE 0.000 22.839 23.083 494.803
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Table 2.4. Summary of Hypothesis Tests
The table presents a summary of the statistical inferences reached on hypotheses tests reported in
Table 3. The model under the null hypothesis in each of the columns 2-5 below corresponds to that in
the corresponding columns of Table 3. The restriction being tested under each null hypothesis is noted
in the header for columns 2-5. In all cases, the alternative hypothesis is Model 1.
Country Presence of time-variable Presence of Complete Complete
return spillovers volatility spillovers Segmentation Integration
Argentina yes no no no
Bahrain no yes no no
Bulgaria yes yes no no
Croatia yes no no no
Estonia yes yes no no
Jordan no no no no
Kazakhstan yes no no no
Kenya yes no no no
Kuwait no yes no no
Lebanon no yes no no
Mauritius yes yes no no
Nigeria yes yes no no
Oman no no no no
Pakistan yes yes no no
Qatar no yes no no
Romania yes yes no no
S.Arabia no yes no no
Slovenia yes yes no no
Sri Lanka yes no no no
Tunisia yes yes no no
UAE no yes no no
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Table A.1. Parameter Estimates for Model 2
RK = θK+aUSRUSt +aKRKt-1+u
K
t , u
K
t ∼ N(0,HKt ), HKt = b0+b1HKt-1+b2u2 Kt-1 +b3HUSt +b4HUSt-1
Standard errors are reported in parentheses below the parameter estimates.
Country θ k aUS aK b0 b1 b2 b3 b4
Argentina 5.122 0.998 0.11 1.736 0.812 0.184 0.077 0.000
(25.4) (0.008) (0.028) (17.353) (0.035) (0.036) (0.034) (0.000)
Bahrain -5.982 -0.006 0.091 0.632 0.552 0.167 0.444 0.000
(7.642) (0.036) (0.045) (0.000) (0.083) (0.033) (0.103) (0.000)
Bulgaria 22.325 0.077 -0.067 0.583 0.806 0.1 0.229 0.000
(10.917) (0.045) (0.035) (2.636) (0.047) (0.022) (0.087) (0.000)
Croatia 27.781 0.155 0.135 1.421 0.945 0.052 0.012 0.000
(11.059) (0.037) (0.033) (13.098) (0.011) (0.012) (0.006) (0.000)
Estonia -2.055 0.112 0.124 0.555 0.858 0.125 0.067 0.000
(10.633) (0.04) (0.033) (1.663) (0.021) (0.019) (0.023) (0.000)
Jordan -5.758 -0.022 0.043 0.714 0.934 0.063 0.008 0.000
(10.341) (0.028) (0.032) (0.000) (0.011) (0.012) (0.003) (0.000)
Kazakhstan 36.639 0.246 0.002 0.667 0.921 0.076 0.036 0.000
(16.929) (0.059) (0.033) (2.002) (0.014) (0.015) (0.02) (0.000)
Kenya 4.355 0.027 0.313 0.594 0.91 0.094 0.007 0.001
(7.488) (0.027) (0.032) (1.52) (0.008) (0.011) (0.012) (0.011)
Kuwait 10.085 0.000 0.075 0.81 0.936 0.054 0.021 0.001
(10.199) (0.034) (0.035) (17.477) (0.009) (0.009) (0.051) (0.051)
Lebanon 4.301 -0.025 0.134 0.803 0.733 0.3 0.113 0.000
(11.166) (0.034) (0.038) (0.000) (0.03) (0.045) (0.024) (0.000)
Mauritius 27.388 0.071 0.204 0.573 0.275 0.714 0.456 0.000
(7.45) (0.031) (0.04) (0.000) (0.042) (0.094) (0.015) (0.000)
Nigeria 6.074 -0.011 0.442 0.617 0.873 0.129 0.000 0.011
(6.095) (0.021) (0.031) (0.000) (0.017) (0.021) (0.000) (0.004)
Oman 9.101 0.008 0.106 0.646 0.844 0.112 0.072 0.000
(8.222) (0.031) (0.036) (0.000) (0.022) (0.019) (0.018) (0.002)
Pakistan 8.329 0.021 0.106 1.177 0.873 0.142 0.000 0.007
(12.787) (0.023) (0.034) (3.21) (0.016) (0.023) (0.000) (0.003)
Qatar -9.394 -0.011 0.091 0.821 0.877 0.093 0.096 0.000
(11.611) (0.042) (0.036) (2.846) (0.018) (0.017) (0.022) (0.000)
Romania 16.395 0.344 0.042 2.261 0.968 0.023 0.031 0.000
(15.722) (0.059) (0.031) (0.000) (0.006) (0.005) (0.011) (0.000)
S.Arabia -1.576 0.13 0.04 0.957 0.937 0.064 0.012 0.000
(2.838) (0.041) (0.034) (0.000) (0.000) (0.004) (0.005) (0.000)
Slovenia 20.797 0.136 0.189 0.526 0.854 0.111 0.000 0.032
(9.296) (0.036) (0.033) (3.167) (0.046) (0.033) (0.008) (0.018)
Sri Lanka -10.784 0.063 0.237 0.946 0.801 0.183 0.061 0.000
(9.021) (0.026) (0.036) (3.426) (0.048) (0.043) (0.026) (0.002)
Tunisia 14.425 0.051 0.092 0.643 0.856 0.158 0.002 0.007
(7.108) (0.022) (0.035) (0.000) (0.029) (0.036) (0.000) (0.000)
UAE -2.5 0.000 0.13 0.668 0.915 0.078 0.042 0.000
(0.000) (0.047) (0.034) (0.000) (0.012) (0.012) (0.015) (0.000)
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Table A.2. Parameter Estimates for Model 3
RKt = θK+aUSt RUSt +aKRKt-1+u
K
t , u
K
t ∼ N(0,HKt ), HKt = b0+b1HKt-1+b2u2 Kt-1 ,
aKt = c(1−ρ)+ρaUSt-1 +nUSt , nUSt ∼ N(0,QUS), E(uKt nUSt ) = 0
Standard errors are reported in parentheses below the parameter estimates.
Country θ k c ρ
√
QUS aK b0 b1 b2
Argentina 0.241 0.966 0.661 0.252 0.101 0.501 0.931 0.062
(5.22) (0.047) (0.125) (0.058) (0.031) (3.006) (0.016) (0.018)
Bahrain -13.236 0.284 0.824 0.433 0.04 0.109 0.749 0.377
(5.272) (0.038) (0.031) (0.056) (0.047) (0.000) (0.019) (0.048)
Bulgaria 22.042 0.079 -0.988 0.000 -0.078 0.052 0.919 0.094
(11.917) (0.048) (0.02) (0.000) (0.034) (0.366) (0.017) (0.023)
Croatia 14.795 0.153 0.397 0.458 0.126 1.177 0.972 0.022
(15.71) (0.035) (0.183) (0.097) (0.037) (15.331) (0.005) (0.006)
Estonia 0.533 0.138 -0.017 0.437 0.12 0.789 0.924 0.071
(0.000) (0.04) (0.186) (0.071) (0.036) (0.000) (0.012) (0.016)
Jordan -5.514 -0.02 -0.802 0.000 0.044 0.556 0.944 0.061
(15.749) (0.029) (0.000) (0.000) (0.032) (5.131) (0.008) (0.011)
Kazakhstan 33.111 0.254 0.033 0.358 -0.001 1.198 0.947 0.049
(17.472) (0.059) (0.309) (0.068) (0.035) (0.000) (0.009) (0.011)
Kenya 0.236 0.021 0.204 0.388 0.353 0.672 0.934 0.063
(0.000) (0.026) (0.152) (0.058) (0.036) (0.000) (0.008) (0.011)
Kuwait 10.957 0.009 0.142 0.000 0.078 0.998 0.948 0.06
(9.666) (0.034) (3.847) (0.001) (0.034) (0.000) (0.006) (0.008)
Lebanon 0.208 0.023 0.192 0.542 0.119 0.501 0.935 0.065
(0.000) (0.034) (0.083) (0.061) (0.041) (1.959) (0.007) (0.012)
Mauritius 18.781 0.042 0.161 0.793 0.293 0.821 0.987 0.006
(10.011) (0.033) (0.088) (0.051) (0.049) (3.956) (0.002) (0.001)
Nigeria 8.784 -0.01 0.424 0.309 0.431 0.441 0.9 0.098
(8.09) (0.023) (0.158) (0.054) (0.032) (0.000) (0.012) (0.017)
Oman 12.445 0.025 -0.985 0.000 0.094 0.003 0.91 0.116
(9.013) (0.031) (0.045) (0.000) (0.036) (0.121) (0.011) (0.019)
Pakistan 0.296 0.048 -0.222 0.453 0.123 0.861 0.96 0.031
(2.332) (0.033) (0.429) (0.067) (0.036) (4.016) (0.005) (0.005)
Qatar 0.369 0.041 0.65 0.179 0.081 0.23 0.971 0.03
(11.766) (0.045) (0.277) (0.071) (0.036) (1.594) (0.004) (0.005)
Romania 0.422 0.3 0.543 0.422 0.075 0.473 0.982 0.014
(0.000) (0.066) (0.135) (0.059) (0.039) (0.076) (0.002) (0.002)
S.Arabia 0.115 0.14 -0.215 0.001 0.042 1.003 0.942 0.066
(0.000) (0.042) (2.988) (0.000) (0.034) (5.301) (0.005) (0.008)
Slovenia 19.753 0.159 0.495 0.285 0.179 1.802 0.941 0.059
(9.409) (0.035) (0.21) (0.079) (0.034) (0.000) (0.009) (0.012)
Sri Lanka -10.107 0.068 -0.32 0.503 0.248 1.154 0.946 0.046
(6.643) (0.022) (0.101) (0.048) (0.039) (0.000) (0.006) (0.008)
Tunisia 16.362 0.064 0.102 0.402 0.087 0.418 0.941 0.056
(6.543) (0.022) (0.167) (0.064) (0.037) (0.000) (0.015) (0.017)
UAE 1.624 0.027 0.788 0.002 0.129 2.501 0.935 0.079
(3.514) (0.049) (0.000) (0.041) (0.034) (5.335) (0.007) (0.011)
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Table A.3 Parameter Estimates for Model 4
RK = θK+aKRKt-1+u
K
t , u
K
t ∼ N(0,HKt ), HKt = b0+b1HKt-1+b2u2 Kt-1
Standard errors are reported in parentheses below the parameter estimates.
Country θ k aK b0 b1 b2
Argentina 18.43 -0.004 0.616 0.944 0.061
(16.224) (0.032) (0.000) (0.007) (0.009)
Bahrain 8.602 0.102 0.007 0.972 0.033
(8.798) (0.034) (0.000) (0.003) (0.004)
Bulgaria 21.468 -0.081 2.852 0.915 0.099
(11.112) (0.034) (0.000) (0.017) (0.023)
Croatia 31.151 0.128 2.324 0.945 0.945
(11.088) (0.032) (0.000) (0.009) (0.012)
Estonia -6.304 0.115 0.335 0.898 0.121
(11.593) (0.033) (1.264) (0.011) (0.017)
Jordan 0.161 0.045 0.966 0.944 0.061
(0.000) (0.033) (0.000) (0.008) (0.011)
Kazakhstan 39.083 -0.018 0.005 0.933 0.074
(16.794) (0.033) (0.000) (0.009) (0.012)
Kenya 4.457 0.315 0.009 0.914 0.101
(6.565) (0.032) (0.126) (0.007) (0.011)
Kuwait 10.897 0.077 0.416 0.948 0.06
(10.401) (0.034) (1.442) (0.006) (0.008)
Lebanon -0.328 0.148 1.229 0.894 0.149
(1.692) (0.035) (0.000) (0.008) (0.016)
Mauritius 28.788 0.162 0.000 0.944 0.069
(12.472) (0.033) (0.000) (0.005) (0.008)
Nigeria 12.722 0.432 1.449 0.886 0.135
(8.256) (0.031) (4.651) (0.015) (0.022)
Oman 21.477 -0.081 0.581 0.915 0.099
(11.432) (0.034) (0.000) (0.017) (0.023)
Pakistan 0.725 0.111 0.001 0.949 0.055
(1.664) (0.031) (0.006) (0.004) (0.005)
Qatar 0.225 0.079 0.148 0.962 0.043
(0.000) (0.034) (1.174) (0.006) (0.008)
Romania 18.168 0.035 0.000 0.976 0.024
(18.807) (0.032) (0.000) (0.003) (0.003)
S.Arabia 3.685 0.037 1.623 0.943 0.066
(29.195) (0.034) (6.081) (0.005) (0.008)
Slovenia 24.909 0.174 0.491 0.926 0.085
(9.664) (0.032) (2.264) (0.009) (0.013)
Sri Lanka -5.257 0.23 0.000 0.92 0.102
(7.427) (0.034) (0.000) (0.01) (0.016)
Tunisia 15.446 0.089 0.338 0.898 0.124
(7.107) (0.034) (1.751) (0.024) (0.035)
UAE -0.997 0.128 0.564 0.935 0.078
(1.109) (0.034) (0.000) (0.007) (0.011)
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Table A.4 Parameter Estimates for Model 5
RKt = θK+aUSt RUSt +uKt , uKt ∼ N(0,HKt ), HKt = b0+b3HUSt +b4HUSt-1 ,
aUSt = c(1−ρ)+ρaUSt-1 +nUSt , nUSt ∼ N(0,QUS), E(uKt nUSt ) = 0
Standard errors are reported in parentheses below the parameter estimates.
Country θ k c ρ
√
QUS b0 b3 b4
Argentina 21.819 1.059 0.379 0.432 0.546 2.252 0.000
(11.94) (0.051) (0.204) (0.058) (0.000) (0.135) (0.000)
Bahrain -8.409 0.001 -0.554 0.282 0.561 0.195 1.109
(7.355) (0.036) (0.307) (0.081) (0.000) (0.127) (0.137)
Bulgaria 30.37 0.14 0.979 0.053 0.528 2.191 0.000
(0.081) (0.081) (0.018) (0.031) (0.000) (0.101) (0.000)
Croatia 28.498 0.134 0.013 0.744 0.568 1.408 0.000
(9.983) (0.041) (0.12) (0.051) (0.000) (0.086) (0.000)
Estonia 10.399 0.149 0.143 0.668 0.538 1.732 0.000
(10.407) (0.046) (0.124) (0.048) (1.606) (0.101) (0.000)
Jordan -14.362 -0.016 -0.291 0.319 0.567 0.563 1.147
(9.971) (0.041) (0.333) (0.043) (1.204) (0.404) (0.407)
Kazakhstan 0.107 0.249 -0.057 0.648 0.5 0.381 6.132
(7.556) (0.087) (0.229) (0.051) (2.816) (1.355) (1.37)
Kenya 17.223 -0.004 0.013 0.633 0.589 0.997 0.224
(8.353) (0.038) (0.205) (0.047) (0.000) (0.000) (0.066)
Kuwait -0.053 -0.009 0.227 0.241 0.503 0.972 0.983
(0.529) (0.044) (0.311) (0.043) (0.000) (0.000) (0.000)
Lebanon -10.213 -0.007 -0.033 0.995 0.581 0.026 1.865
(11.621) (0.048) (0.133) (0.081) (1.51) (0.069) (0.147)
Mauritius -10.213 -0.007 -0.033 0.995 0.581 0.026 1.865
(11.621) (0.048) (0.133) (0.081) (1.51) (0.069) (0.147)
Nigeria 9.852 -0.012 0.308 0.662 0.607 0.000 1.147
(8.112) (0.042) (0.175) (0.049) (0.000) (0.000) (0.066)
Oman 0.214 -0.011 -0.304 0.247 0.501 0.058 1.262
(2.557) (0.036) (0.574) (0.068) (2.063) (0.065) (0.088)
Pakistan 21.018 0.098 -0.208 0.643 0.598 2.124 0.001
(11.81) (0.052) (0.185) (0.046) (0.000) (0.123) (0.000)
Qatar -16.963 -0.044 0.163 0.354 0.56 2.557 0.000
(12.343) (0.051) (0.431) (0.047) (0.409) (0.121) (0.000)
Romania 25.161 0.289 0.621 0.323 0.535 3.33 0.513
(15.104) (0.063) (0.153) (0.067) (1.168) (0.866) (0.831)
S.Arabia -37.559 0.027 0.114 0.361 0.601 4.835 0.000
(16.571) (0.069) (0.53) (0.042) (3.89) (0.219) (0.000)
Slovenia 41.454 0.079 -0.039 0.57 0.578 1.306 0.000
(8.691) (0.038) (0.169) (0.065) (5.288) (0.085) (0.000)
Sri Lanka 0.256 0.034 0.135 0.691 0.501 0.226 0.848
(1.865) (0.035) (0.13) (0.063) (0.000) (0.361) (0.343)
Tunisia 27.861 0.022 -0.142 0.578 0.66 0.344 0.505
(7.172) (0.031) (0.162) (0.051) (0.000) (0.311) (0.307)
UAE -19.252 0.016 -0.057 0.271 0.553 4.343 0.000
(15.134) (0.065) (0.495) (0.041) (0.000) (0.198) (0.000)
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Figure 2.1.
Estimated Returns from Model 1
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Figure 2.2.
Plots of Time-Variable Volatility
Estimates of volatility for Frontier markets are derived from Model 1 and from best-fitting Model 2
for the US.
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Figure 2.3.
Time-Variable Return Spillover Parameter Estimated by Model 1 for Frontier Countries
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Figure 2.4.
US and Own-Country Lagged Components of Returns Estimated by Model 1
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Figure 2.5
Conditional Volatility Components from Model 1
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Figure B.1.
US Components of Frontier Country Returns Estimated by Model 1 and Model 2
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Figure B.2.
US Components of Frontier Country Conditional Volatility Estimated by Model 1 and Model 2
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Figure B.3
US Components of Frontier Country Returns Estimated by Model 1 and Model 3
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Figure B.4.
US Components of Frontier Country Conditional Volatility Estimated by Model 1 and Model 3
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Figure B.5.
Own-Country Lagged Components of Frontier Country Returns Estimated by Model 1 and Model 4
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Figure B.6.
Own-Country Components of Frontier Country Conditional Volatility Estimated by Model 1 and
Model 4
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Figure B.7.
US Components of Frontier Country Returns Estimated by Model 1 and Model 5
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Figure B.8.
US Components of Frontier Country Conditional Volatility Estimated by Model 1 and Model 5
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III.TIME-VARYING RISK AND RISK PREMIUMS IN FRONTIER MARKETS
III.I. Introduction
Cross-country correlations between financial market returns depend on financial openness of coun-
tries, as well as on the nature of cross-country economic and financial linkages. The more financially
open a stock market is, the more synchronized its returns are expected to be with foreign markets; thus
the greater the scope for high correlations. Low correlations among national stock markets, however,
are key for international portfolio diversification. Hedging strategies depend on shocks to stock mar-
kets being relatively isolated. However, if stock markets are highly correlated, diversification benefits
may be undermined. International asset allocation decisions and risk assessment are largely based on
cross-country correlations as well.
Asset pricing studies frequently assume constant correlations between returns on different markets.
Such an assumption is primarily motivated by convenience. However, in a dynamically changing eco-
nomic environment, this assumption may not be realistic. For example, markets under study may be
undergoing structural changes during the period of interest, or they may be experiencing macroeco-
nomic reforms. Assuming constancy of correlations could be particularly inappropriate when Frontier
markets are in consideration.
In this article, we study the risk-return relationship in twenty Frontier markets by setting up an
international version of the intertemporal capital asset pricing model (International ICAPM) of Merton
(1973). The systematic risk in this model comes from covariance of Frontier market returns with
world returns (see Solnik 1974 and Stulz 1982). Our model allows for this covariance risk to be time-
varying. Time-varying correlations are captured by utilizing the Dynamic Conditional Correlations
(DCC) model of Engle (2002). The risk premium per unit of covariance risk (or, the price of covariance
risk) is allowed to vary over time as well. Thus, both the risk and risk premium on Frontier country
market returns are time-varying in our model.
Our model of Frontier market returns can be considered a time-varying parameter (TVP) model.
Thus, it can be cast into a state space form. However, it is not time-invariant as the “coefficient”
multiplying the state variable (the TVP parameter) is current period conditional covariance between
Frontier market returns and world returns. Nonetheless, the TVP model can be estimated via the
Kalman Filter.
71
Our study is motivated by a desire to explore potential diversification benefits to US investors from
investing in these Frontier markets. Therefore, we use returns on US stock markets to proxy for world
market returns (see Karolyi and Stulz, 2002).
The rest of the paper is organized as follows. Section III.II briefly reviews relevant literature on
time-varying conditional correlations and their application in the international finance literature. We
review some specific applications of the DCC model. We also briefly review the related international
ICAPM literature. In section III.III we present data and some of its descriptive statistics. In section
III.IV we outline the DCC and International ICAPM models. In section III.V we present results on
estimation of dynamic conditional correlations and the International ICAPM model. Section 6 offers
concluding remarks and prospects for future research.
III.II. Literature Review
A detailed description of Dynamic Conditional Correlations (DCCs), introduced by Engle (2002),
is given in Section III.IV. Here, in this section, we review its recent applications in the international
finance literature. We also briefly review the extensive literature on international intertemporal capital
asset pricing model (International ICAPM).
Dynamic Conditional Correlations have been used, in conjunction with some version of the do-
mestic ICAPM model, to investigate risk-return relationships in the US equity market. For instance,
Bali and Engle (2010) study risk-return relations on individual stocks in the Dow Jones Industrial Av-
erage (DJIA) index using time-varying covariances, modeled through DCCs, with the market returns.
They find that risk premia induced by time-varying conditional covariation of individual stock returns
with the market portfolio returns remain positive and significant, even after controlling for risk premia
induced by conditional covariation with macroeconomic, financial, and volatility factors.
An international version of Merton’s (1973) intertemporal capital asset pricing model (International
ICAPM) was originally developed by Solnik (1974) and Stulz (1982), and applied extensively in the
international finance literature by Harvey (1991) and others. Bali and Wu (2010) apply International
ICAPM model to analyze international stock market returns and find that the risk premiums are posi-
tive and highly dependent on currency denominations. In a recent paper, You and Daigler (2010) utilize
DCCs to explore scope for international portfolio diversification using emerging stock markets. They
find little or no benefits for US investors from diversification beyond the S&P 500 stock index portfolio.
On the other hand, Berger, Pukthuanthong and Yang (2011) report that frontier markets have low inte-
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gration with the world market, thereby offering potentially significant diversification benefits. Cheng,
Jahan-Parvar and Rothman (2010) use a Markov switching version of an International ICAPM to in-
vestigate Middle Eastern and North African (MENA region) countries and find presence of significant
portfolio diversification opportunities.
Yiu, Ho and Jin (2010) use DCCs to explore correlations of Asian and Latin American stock mar-
kets with the US. They find modest time-varying correlations suggesting little diversification benefits.
The correlations moreover increase significantly between 2007 and 2009, further reducing these bene-
fits during the global financial turmoil. Syriopoulos and Roumpis (2009) employ DCCs to investigate
time-varying comovement of South Eastern European developing markets with leading mature eq-
uity markets. Their study reports modest time-varying correlations, with no trend, indicating potential
opportunities for portfolio diversification. Guesmi and Nguyen (2011) utilize DCCs within an Interna-
tional ICAPM model to examine integration of emerging market regions with the world market. They
report positive local and world market risk premiums. Local market risk is found more important for
emerging markets than world market risk, implying presence of some diversification benefits.
To summarize, the predominant opinion in current literature on international portfolio diversifi-
cation is that there exist some diversification benefits from investing in developing countries. The
literature, however, is inconclusive about the significance of these benefits.
III.III. Data
Daily MSCI Barra index closing prices are used for US and 20 Frontier stock markets for the
period between December 1st, 2005 and June 30th, 2011. Daily percentage annualized returns for each
country are calculated as follows:
Rit = 252∗ ln(Pit/Pi(t-1))∗100
where Pit is each country’s closing price index at time t.
We choose daily data since it better accounts for stock market dynamics and provides greater insight
into cross-market interactions. The countries included are: Argentina, Bahrain, Bulgaria, Croatia,
Estonia, Jordan, Kazakhstan, Kenya, Kuwait, Lebanon, Mauritius, Nigeria, Oman, Pakistan, Qatar,
Romania, Slovenia, Sri Lanka, Tunisia, and United Arab Emirates. These are chosen on the basis of
MSCI classification as of July 1st, 2011. Lithuania, Serbia, Ukraine, Bangladesh, Vietnam, Trinidad
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and Tobago, Jamaica, Botswana and Ghana are also defined as Frontier markets, but are not included
here becuase of the lack of data for a sufficiently long period.
Morgan Stanley Composite Indices are established consistently across countries and thus provide
an adequate ground for exploration of cross-market relations. They are value-weighted and calculated
with dividends reinvested. In order to avoid double counting, stock prices of companies set up abroad
are not included. All indices are in US dollars, which provides additional comparability across markets
and implicitly takes care of currency market effects.
Descriptive statistics for US and the Frontier markets are reported in Table 3.1. The first four
columns report the first four moments of returns. The last two columns present results from the Jarque-
Bera test for normality and the mean-to-standard deviation (Sharpe ratios) for each country.
The first column of Table 3.1 shows that half the countries in our sample display positive annualized
mean returns. These range from 18.631% for Mauritius to -26.617% for UAE (0.943% for the US). The
annualized standard deviation of returns range from 727.337% for Kazakhstan to 284.556% for Tunisia
(373.153% for the US). The third column shows that half the countries exhibit positive skewness. The
null hypothesis for no skewness is rejected at 5% significance level for Estonia, Kazakhstan, Kenya,
and Mauritius. The fourth column provides values of the fourth moment of returns indicating high
and statistically significant positive excess kurtosis for all countries. The second to last column reports
the Jarque-Bera test statistics. The null hypothesis of normal distribution of index returns is strongly
rejected at the 5% significance level for all countires. Thus, when examining potential benefits of
diversification, we need to consider the third and fourth moments as well, as emphasized by You and
Daigler (2010).
The last column of Table 3.1 provides the mean-to-standard deviation (Sharpe ratio) for all markets.
It is positive for half of the countries. The highest value is 0.005 for Mauritius and the lowest is -0.068
for Bahrain (0.003 for US). Further comparison of individual country mean-to-standard deviation ratios
with US shows a relatively high return-standard deviation benefit for Argentina, Croatia, Kazakhstan,
Mauritius, Sri Lanka, and Tunisia over the US index. Therefore, for US investors, diversification
benefits from investing in these markets may be worthwhile if one assumes a normal distribution for
returns.
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In the next section we describe the methodology used to analyze dynamic conditional covariances
between US and Frontier country returns, as well as time-variation in the payoff per unit of country
risk exposure.
III.IV. Methodology
Dynamic Conditional Correlations
Cross-country diversification studies typically employ constant correlations to evaluate diversifi-
cation benefits. This restrictive approach, however, ignores the possibility of correlations being time-
varying. In the present study we utilize time-varying conditional correlations in order to evaluate in-
ternational diversification potential between Frontier countries and the US stock markets. In particular,
we explore the Dynamic Conditional Correlation (DCC) model introduced by Engle (2002).
The time-varying correlation between two zero mean variables ri and rj at period t is conditioned
on known information at period t−1, and is defined as:
ρij,t =
qij,t√qii,tqjj,t =
Et-1[ri,trj,t]√
Et-1[r2i,t]Et-1[r
2
j,t]
(1)
For convenience, we can write the variables as the product of the conditional standard deviation
and the standardized disturbance:
ri,t =
√
hi,tUi,t, i= i, j (2)
where Ui,t is a standardized disturbance with zero mean and variance one for each series and hi,t is
the conditional variance of ri,t estimated from the following univariate GARCH (1,1) model:
ri,t = γ0+ γ1ri,t-1+ εi,t (3)
εi,t =
√
hi,tzt (4)
zt ∼ iidN(0,1)
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hi,t = b0+b1hi,t-1+b2ε
2
t-1 (5)
Substituting (2) in (1) allows the conditional correlation to be expressed as:
ρij,t = Et-1[Ui,tUj,t] (6)
It follows, the conditional correlation between two variables is the same as the conditional covari-
ance between the standardized disturbances.
To account for the dynamics of stock return correlations, Engle (2002) builds on Bollerslev’s (1990)
constant conditional correlation (CCC) model to allow conditional correlations to vary over time. In
Engle’s (2002) dynamic conditional correlation (DCC) model, the variance–covariance matrix of i
assets is given by:
Ht = DtΩtDt (7)
where Dt = diag{
√
hij,t} is the (NxN) diagonal matrix of time-varying standard deviations from
univariate GARCH models with
√
hii,t on the i− th diagonal and Ωt = {ρij} is the (NxN) time-varying
conditional correlation matrix. The estimation of the DCC model involves two stages. In the first stage
univariate volatility models are fitted for each variable and estimates of
√
hii,t are obtained. In the
second stage, the residuals are transformed by their estimated standard deviations from the first stage.
That is Ut = D-1t εt.Ut is then employed to develop the DCC specification as follows:
Qt = S(1−α1−α2)+α1(Ut-1 U ′t-1)+α2Qt-1 (8)
and
Ωt = Q*-1t QtQ
*-1
t (9)
where Qt = {qij,t} is the covariance matrix of the standardized residuals Ut, S = {qij,t} is the (NxN)
unconditional covariance of Ut, and Q*t = (diag(Qt))
-1/2 is a diagonal matrix composed of the squared
roots of the diagonal elements of Qt.
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In (8) α1 and α2 capture the effects of previous shocks and previous dynamic correlations on the
current dynamic correlation. The two parameters are nonnegative, with the usual GARCH restriction
of α1+α2 < 1, (α1,α2 ≥ 0) to guarantee Qt is positive and mean reverting. The restriction implies,
that after a shock occurs, the correlation between the underlying variables will return to the long run
unconditional level. When α1 = α2 = 0, the DCC model is reduced to the Bollerslev (1990) CCC
model. A typical element of the correlation matrix Ωt now has the following form:
ρij,t =
qij,t√qii,t√qjj,t for i, j = 1,2...n and i 6= j (10)
The DCC model is estimated by maximization of the following log-likelihood function:
L=−1
2
T
∑
T=1
(nLOG(2pi)+2LOG|Dt|+LOG|Ωt|+U ’tΩ-1t Ut) (11)
Engle (2002) suggests estimating the DCC in a two-stage procedure. See Engle (2002) for details on
estimation.
The standard DCC model provides a parsimonious parametrization of conditional correlations.
That, however, comes with some limitations. One such limitation is the weakness of the model in
capturing asymmetric effects of positive and negative shocks on conditional correlations. To account
for any potential asymmetry, Cappiello et al. (2006) introduce the scalar asymmetric DCC (ADCC)
model. The model allows conditional correlations to increase more when both returns are falling than
when both are rising. Another limitation is the assumption that all correlations are driven by the same
dynamic pattern which is hard to justify as the number of assets increases. Hafner and Franses (2003)
address this issue by generalizing the DCC model by replacing the common α1 and α2 parameters with
asset specific α1,i and α2,i parameters.
Time-Varying Intertemporal Relation Between Expected Returns and Risk
An international version of Merton’s (1973) ICAPM and work by Bekaert and Harvey (1995) mo-
tivates the following specification for Frontier country risk and expected returns:
Rk,t = θk+βσus,k,t+δkσ2k,t+uk,t (12)
where Rk,t denotes expected returns for country k; σus,k,t denotes conditional covariance between US
and country k returns, and σ2k,t represents local market conditional volatility. The parameter β reflects
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compensation (return) a representative investor must receive per unit of covariance risk exposure to
US markets, and the parameter δk represents compensation per unit of local market risk (variance).
Equation (12) states that investors in Frontier markets are compensated, in terms of expected returns,
for bearing covariance risk with US markets and for bearing own-country risk. The error term uk,t
captures other factors affecting country returns, like regional integration and political risk. Such a
model has recently been used to investigate whether world market risk and country-specific total risk
are priced in international stock markets by Bali and Cakici (2010).
An important issue is whether investors’ expected returns per unit covariance risk with US is con-
stant. In the context of mature, industrial economies, such an assumption may be acceptable. However,
it may be too strong when emerging markets are involved. Emerging economies often experience
shifting industrial structure that will induce variation in investors’ perception of risk exposure. To ad-
dress the possibility of time-variation of expected premium per unit of covariance risk, we entertain a
time-variable parameter (TVP) version of Eq. (12), ICAPM-TVP. Our model is specified as follows:
Rk,t = θk+βtσus,k,t+δkσ2k,t+uk,t (13)
uk,t ∼ N(0,Hk)
βt = c(1−ρ)+ρβt-1+nt (14)
nt ∼ N(0,Q)
E(uk,tnt) = 0
where the expected time-variable payoff per unit of covariance risk is captured by the parameter βt.
Using the terminology of state space models, Eq. (13) is the measurement equation. It relates the
observed (explained) variable Rk,t to the state variable (time-varying parameter) βt. The “coefficient”
σus,k,t, multiplying the state variable is the current period conditional covariance between US and Fron-
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tier country K (country risk). The parameter δk captures the impact of current period own-market risk
(return variance) σ2k,t and is assumed to be fixed rather than time-varying for simplicity. Both the dy-
namic conditional covariances σus,k,t and local market variances σ2k,t are estimated in a first step from
the DCC model described earlier. Eq. (14) is the state equation describing the evolution of βt as an
AR(1) process. Detailed exposition of such state space models, along with their estimation via the
Kalman filter, can be found in Harvey (1989) and Hamilton (1994).
In the next section we present results from estimation of the DCC and ICAPM-TVP models for
each frontier country.
III.V. Empirical Results
Dynamic Conditional Correlations
The results from the estimation of the DCC model are presented in Table 3.2. The first column
of Table 3.2 presents the estimated values for the constant term γ0 in Eq.(3). The estimated parameter
is statistically significant for 8 Frontier markets. For the US and the remaining markets, the term is
found to bear no statistical importance. The AR(1) term, γ1, is presented in the second column of
Table 3.2. The estimates are statistically significant and positive for the US and 12 Frontier markets,
while statistically significant and negative only for Bulgaria. For 6 countries, the AR(1) coefficient
is not statistically significant. The constant term b0of Eq. (5) is offered in the third column of Table
3.2. The estimates are statistically significant for all countries, but the US, Argentina, and Mauritius.
The GARCH and ARCH parameters b1 and b2 are presented in columns 4 and 5 respectively. Both
parameters are statistically significant for all countries.
The last two columns of Table 3.2 report the estimates of the DCC parameters α1 and α2 in Eq.
(8). The two parameters capture the effects of previous dynamics in covariances and shocks to the US
and Frontier market returns. The estimates of α1 are statistically significant for all Frontier markets
but Jordan, Lebanon, and Romania; the α2 values are not significant only for Jordan. The statistical
significance of the parameters for most countries reveals a substantial time-variation of conditional
covariances. The closer the sum of α1 and α2 to one, the greater the covariance persistence.
Descriptive statistics of estimated dynamic conditional correlations (DCCs) for each Frontier coun-
try are reported in Table 3.3. The first column reports unconditional constant correlations between
Frontier countries and US market returns. The second and third columns report maximum and min-
imum values of the DCCs for each country over the sample time span investigated. The next four
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columns present the first four moments of the DCCs. The last two columns report results from the
Jarque-Bera test for normality and the Ljung-Box test for autocorrelation in the DCCs.
Fifteen countries exhibit positive correlation with the US. Argentina is most highly correlated, with
correlation coefficient equal to 0.563. For most of the remaining 14 markets, constant correlations are
below 0.20, suggesting potential diversification benefits based on non-time varying correlations. Five
countries display low negative correlations. These are Bahrain, Jordan, Nigeria, Oman, and Qatar. Neg-
ative correlations also suggest diversification opportunities from investing in these Frontier countries.
Dynamic Conditional Correlations for majority of the countries have a range lower than 0.25. A
high value of 0.891 is reached between US and Argentina. Their standard deviations range from 0.145
for Bulgaria to essentially 0 for Nigeria. 15 countries exhibit negative skewness, implying the predom-
inant expectation of investors for most countries is for positive correlation. The null hypothesis of no
skewness is rejected at 5% significance level for Bulgaria, Lebanon, Nigeria, Qatar, and Sri Lanka.
High and statistically significant positive excess kurtosis is found for 17 markets. This implies, that the
variance of DCCs is largely due to infrequent extreme deviations from the mean, rather than modestly
sized deviations. Skewness and excess kurtosis in DCCs suggest that their distributions are possibly
non-normal, indicating the presence of extreme values. This is further suggested by the results from the
Jarque-Bera normality tests. The null hypothesis for normal distribution of index returns is strongly re-
jected at the 5% significance level for all countries except Estonia. Ljung-Box test shows that DCCs for
12 countries are highly serially correlated at 6 lags, suggesting possible predictability of correlations.
No statistically significant autocorrelation is exhibited by the DCCs for Bahrain, Jordan, Mauritius,
Nigeria, Pakistan, Slovenia, Tunisia, and UAE.
The DCCs, as well as the constant unconditional correlations are plotted in Fig. 3.1. Typically,
DCCs range between -0.2 and 0.2. The greatest magnitude is displayed for DCCs between US and
Argentina, about 0.9 in 2007, and between US and Bahrain, about 0.5 in 2009. Several countries
display very low DCCs. Such countries, like Jordan and Kuwait, exhibit almost no correlation with US
throughout the sample period. Most volatile DCCs are found for Argentina, Bahrain, and Kazakhstan.
No significant time-variability in DCCs are found in Mauritius, Nigeria, Pakistan and Slovenia. DCCs
exhibit a slightly positive trend over our sample period for 6 frontier markets. Such a trend illustrates
decrease over time in diversification benefits between US and these markets.
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The relatively low cross-country correlations and the absence of a significant time trend or pattern
in them suggest that increasing globalization over the past years did not significantly affect correla-
tions between US and Frontier markets. This may be a result of industry mixes within each country
being sufficiently different from US to induce low correlations, or business cycles in US and Frontier
countries being out of phase.
In summary, our results indicate modest DCCs, providing substantial diversification benefits from
investing in Frontier markets. We show that correlations of many Frontier markets with US do in fact
vary over time and are non-normally distributed, suggesting the presence of extreme values. They
display largely no trend, suggesting no diminishing of diversification benefits over time. We detect a
significant level of autocorrelation, suggesting that correlation patterns may be predictable. Our find-
ings imply that portfolio diversification based solely on constant correlations could lead to inaccurate
estimates of its benefits. Thus, investors need to take time-variation of correlations into account in
order to fully evaluate the efficacy of their diversification strategies.
ICAPM-TVP Estimates for Frontier Markets
This subsection reports estimates of the ICAPM-TVP model for 20 Frontier countries, applied to
MSCI data for the period between December 1st, 2005 and June 30th, 2011. Maximum likelihood pa-
rameter estimates and standard errors are reported in Table 3.4. Tests of hypothesis related to important
restricted versions of the ICAPM-TVP model are presented in Table 3.5.
Estimates in Table 3.4 show that Frontier countries are vastly different from each other in terms
of magnitude and signs of estimated parameters. This finding is to be expected as these countries/
markets may be at different levels of development, or at different stages of the business cycle during
the less than 6-year sample period considered here. The first column reports estimates of unconditional
mean returns θk. The largest recorded value is 150.3 daily percent annualized returns for Pakistan. For
four countries, estimated mean returns are negative, with the lowest for Sri Lanka at -101.4 percent
annualized. These estimates, however, are statistically significant for only four countries. Estimates
of the price of own country market variance risk δk are reported in the second column. The highest
estimate is for Sri Lanka (0.203) and the lowest for Pakistan (-0.46). The estimates are positive for only
six Frontier markets. These estimates are statistically significant for all but three countries.
Negative risk-return relationships have been well-documented in the literature using both aggregate
country level and firm level data. See, for example, Whitelaw (1994) and Ang et al (2006). The
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predominantly negative estimates of local market risk prices imply the possibility of sizeable hedging
and discount rate news components in Frontier market risk (Gou and Whitelaw (2006), Brandt, Jin, and
Wang, (2009)). Gou and Whitelaw (2006) investigate the possibility of a negative market risk premium.
They find that sizeable market risk hedging component may induce negative risk-return relationship.
Brandt, Jin, and Wang (2009) break the conditional variance of US market returns into components
associated with cash flow news and discount rate news. They find that sizeable discount rate news
component, in addition to the hedging component, may also induce negative risk premia.
Estimates of mean covariance risk premium with US markets, represented by parameter C in Eq.
(14), are reported in column 4. These risk premia are positive for 13 countries, and range from a high
of 635.55 for Oman to a low of -835.2 for Slovenia. These values are, however, statistically significant
for only 5 countries. Estimated values of the AR parameter ρ governing time-variation in covariance
risk premium βt are presented in column 5. The estimates are positive for 18 countries, and range from
a high of 0.999 for Jordan to a low of -0.819 for Bulgaria. These values are statistically significant
for 18 countries. The last column of Table 3.5 reports the estimates of the standard deviation
√
Q of
shocks nt, driving time variation in these premia. The estimated values are statistically significant for
all countries. Statistically significant estimates of ρ and
√
Q imply some predictability of covariance
risk premia.
The various panels of Figure 3.2 plot the fitted and observed Frontier market returns, while the
panels of Figure 3.3 present the decomposition of Frontier country fitted returns into US and local
market components. Quantitatively significant impact of US market risk is found only for Argentina.
For all other countries, the US component is very small relative to the local market component. The
latter implies that evolution of returns in these countries is governed primarily by local market factors
and not by US market covariance risk. This finding is in line with results reported in Bali and Cakici
(2010).
Table 3.5 reports results from hypothesis tests performed to test restricted versions of the ICAPM-
TVP model. Statistical significance of estimated parameters is tested via the LR test. Test statistics for
the null hypothesis (H0 : βt = 0) for each Frontier market are reported in the first column of Table 3.5.
The LR test detects statistically significant impact of the covariance risk (null hypothesis is rejected)
for 14 of the 20 Frontier markets at the 5% significance level and for additional 2 countries at 10%.
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Loglikelihood Ratio test statistics for the null hypothesis of no time-variation in covariance risk
premia (H0 : βt = constant) are reported in the second column of Table 3.5. Time-variability of βt is
statistically significant (null hypothesis is rejected) for 14 countries at the 5% significance level and
for additional 2 countries at 10%. These countries are the same as the countries for which the null
hypothesis for no impact of the covariance risk is rejected. The results indicate that if risk premium
exists, then it is time-variabe. Understanding the factors that may contribute to such time-variability
would be a worthwhile exercise.
The second to last column of Table 3.5 reports the test statistics from exploring the null hypothesis
of no impact of US covariance risk (H0 : βt = 0), when the alternative model features constant risk
premia (H1 : βt = constant). The results indicate statistically significant impact of covariance risk (null
hypothesis is rejected) for only 4 of the 20 Frontier markets at the 5% significance level. These are
Nigeria, Qatar, Romania, and UAE. At the 10% significance level, the null hypothesis is rejected for
Mauritius as well. The outcomes from this hypothesis test further emphasize the importance of time-
variability of covariance risk prices. The results indicate that if time-variability in covariance risk prices
is not taken into account, the impact of US covariance risk may erroneously be found to be statistically
insignificant and easily omitted.
The last column of Table 3.5 presents test statistics from exploring the null hypothesis of no impact
of local Frontier market risk (H0 : δk = 0). The LR test detects statistically significant impact of local
Frontier market risk (null hypothesis is rejected) for all Frontier markets, except Argentina and Croatia.
In summary, the ICAPM-TVP estimation detects statistically significant impact of US covariance
risk and local market risk for most Frontier markets. We detect statistically significant and often pre-
dictable time-variation in covariance risk premia for most countries. Our results emphasize the im-
portance of accounting for time-variability of the price of US covariance risk in understanding time
variation in Frontier market stock returns.
III.VI. Conclusion
We study the risk-return relationship in twenty Frontier markets by setting up an international
version of the intertemporal capital asset pricing model (International ICAPM). The systematic risk in
this model comes from covariance of Frontier market returns with world returns, proxied by US stock
index returns. We also incorporate own country variances as additional determinants of Frontier country
returns. Our model allows for the covariance risk to be time-varying. Time-varying correlations are
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captured by utilizing the Dynamic Conditional Correlations (DCC) model of Engle (2002). The risk
premium on covariance risk is allowed to vary over time as well, using a time-varying parameter (TVP).
Thus, both the risk and risk premium on Frontier country market returns are time-varying in our model.
The International ICAPM-TVP model can be cast into a state space form. However, it is not
time-invariant as the “coefficient” multiplying the state variable (the TVP parameter) is (time-varying)
current period conditional covariance between US and Frontier markets. The model nonetheless can be
estimated by the Kalman Filter.
Results from estimation of the DCC model indicate modest average conditional correlations, sug-
gestive of substantial diversification benefits from investing in Frontier markets. Correlations between
most Frontier markets and US do in fact vary over time and are non-normally distributed due to pres-
ence of extreme values. They display largely no time trend, suggesting that diversification benefits
have not diminished despite recent globalization. We detect a significant level of autocorrelation in
these correlations, indicating predictability. Results from ICAPM-TVP estimation suggest that Fron-
tier markets differ significantly from each other. We detect statistically significant impact of both US
covariance risk and own country variance risk in explaining Frontier country returns. Time-variation in
the price of covariance risk is also found to be statistically significant for most Frontier market returns.
However, own country variance risk is found to be quantitatively more important.
Overall, results from our study show that international stock market diversification benefits might
still hold, despite recent increased globalization and integration of financial markets. For accurate
estimation of portfolio diversification benefits, investors must consider time-variation in conditional
correlations of stock market returns as well as in country covariance risk prices. A logical extension
of research presented in this article is understanding of factors that may contribute to time-variation
and predictability in covariance risk premia. Exploration of portfolio diversification benefits further
by constructing investment opportunity sets, calculating mean Sharpe ratios, and considering higher
moments of returns to capture downside risk and possibility of large shocks to stock returns is also
worthwhile. This can be done by comparing the above quantities with and without including Frontier
market indexes in the investment portfolio.
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Table 3.1. Distributional Characteristics of Annualized Daily Percentage Logarithmic Returns. The
table provides mean, standard deviation, skewness, kurtosis, Jarque-Bera test statistic, and mean-to
standard deviation (Sharpe) ratio for each frontier market and US.
Country Mean St.Dev Skewness Kurtosis Jarque-Bera Mean/St.Dev
Argentina 9.38 592.93 -0.626 10.84 3827.41 0.016
Bahrain -24.3 356.44 -3.596 64.67 233902.71 -0.068
Bulgaria -14.7 504.67 -1.589 16.401 11508.027 -0.029
Croatia 9.86 418.53 -0.156 9.438 2520.702 0.024
Estonia -6.68 511.29 0.13* 7.127 1037.792 -0.013
Jordan -19.7 343.70 -0.787 11.254 4283.52 -0.057
Kazakhstan 13.98 727.33 0.315* 10.095 3078.657 0.019
Kenya 2.14 360.31 0.378* 13.306 6479.127 0.006
Kuwait -7.68 410.17 -1.114 11.906 5113.558 -0.019
Lebanon 2.52 417.12 -0.126 17.766 13263.225 0.006
Mauritius 18.63 365.83 0.181* 12.81 5846.367 0.051
Nigeria 0.60 387.45 -0.258 6.067 587.032 0.002
Oman -3.61 374.72 -1.576 27.798 37910.577 -0.009
Pakistan -5.98 450.35 -0.608 6.512 838.552 -0.013
Qatar -4.94 449.67 -0.704 12.831 5983.325 -0.011
Romania -2.9 643.75 -1.456 21.302 20836.586 -0.005
Slovenia 2.34 396.66 -0.361 9.713 2765.997 0.006
Sri Lanka 9.37 363.65 1.931 24.674 29404.741 0.026
Tunisia 9.59 284.55 0.094 9.046 2220.283 0.033
UAE -26.6 546.43 -0.633 14.334 7891.139 -0.05
USA 0.94 373.15 -0.268 -2397.46 5758.433 0.003
Note: The statistics are based on 1456 daily observations of country returns between December 1st,
2005 and June 30th, 2011 as given by MSCI Barra country indices. All country indices are in US cur-
rency. The null hypothesis of no kurtosis is rejected for all countries and * indicates the null hypothesis
for no skewness is rejected at 5% level. The distribution of the Jarque-Bera test statistic is approximates
q
2(2), with 5.99 critical value at the 5% level.
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Table 3.2. Estimation results from DCC-GARCH models
GARCH models: Ri,t = γ0 + γ1Ri,t-1 + εi,t,εi,t =
√
hi,tzt,zt ∼ iidN(0,1), hi,t = b0 + b1hi,t-1 + b2ε2t-1, i =
1,2....21.
DCC equations: Qt = S(1−α1−α2)+α1(Ut-1 U ′t-1)+α2Qt-1, Rt = Q*-1t QtQ*-1t
Country γ0 γ1 b0 b1 b2 α1 α2
USA 10.995 -0.081 0.00 0.927 0.082
(6.0744) (0.028) (0.000) (0.007) (0.01)
Argentina 31.24 0.046 16.53 0.814 0.129 0.046 0.912
(12.109) (0.028) (38.23) (0.032) (0.024) (0.01) (0.022)
Bahrain -19.26 0.056 63.37 0.796 0.177 0.095 0.000
(6.927) (0.036) (8.279) (0.019) (0.023) (0.000) (0.000)
Bulgaria 12.672 -0.055 43.05 0.862 0.123 0.008 0.991
(9.304) (0.029) (13.428) (0.021) (0.021) (0.000) (0.000)
Croatia 18.262 0.117 62.95 0.882 0.075 0.018 0.97
(8.997) (0.028) (20.254) (0.028) (0.017) (0.01) (0.021)
Estonia 0.722 0.055 23.117 0.885 0.113 0.01 0.971
(4.021) (0.028) (7.745) (0.014) (0.016) (0.008) (0.031)
Jordan -9.463 0.03 10.947 0.931 0.06 0.018 0.000
(6.598) (0.028) (3.763) (0.009) (0.009) (0.000) (0.377)
Kazakhstan 20.051 0.002 61.38 0.886 0.103 0.019 0.958
(13.142) (0.029) (17.927) (0.015) (0.016) (0.007) (0.017)
Kenya 0.504 0.321 11.727 0.904 0.09 0.003 0.992
(4.502) (0.027) (3.874) (0.008) (0.01) (0.000) (0.000)
Kuwait 10.011 0.064 19.95 0.927 0.06 0.027 0.000
(8.087) (0.029) (4.344) (0.008) (0.007) (0.000) (0.000)
Lebanon -5.891 0.103 87.671 0.738 0.25 0.008 0.963
(8.856) (0.032) (21.239) (0.039) (0.042) (0.007) (0.031)
Mauritius 17.926 0.184 10.551 0.68 0.282 0.000 0.576
(7.167) (0.032) (22.575) (0.044) (0.046) (0.000) (0.000)
Nigeria 0.507 0.381 74.608 0.761 0.185 0.000 0.609
(2.995) (0.028) (18.55) (0.037) (0.03) (0.000) (0.000)
Oman 13.906 0.085 15.11 0.865 0.144 0.033 0.000
(5.893) (0.032) (3.973) (0.011) (0.016) (0.000) (0.000)
Pakistan 20.696 0.095 98.51 0.775 0.167 0.000 0.001
(8.597) (0.029) (16.928) (0.024) (0.021) (0.000) (0.000)
Qatar 8.512 0.103 39.473 0.885 0.098 0.056 0.000
(9.545) (0.031) (8.927) (0.014) (0.014) (0.000) (0.000)
Romania 20.422 0.017 17.81 0.965 0.031 0.011 0.986
(13.812) (0.027) (6.443) (0.003) (0.004) (0.005) (0.006)
Slovenia 13.759 0.173 73.529 0.808 0.134 0.000 0.000
(7.655) (0.028) (23.963) (0.044) (0.031) (0.000) (0.000)
Sri Lanka 0.497 0.238 29.249 0.822 0.175 0.011 0.925
(1.874) (0.03) (5.824) (0.021) (0.025) (0.011) (0.064)
Tunisia 12.749 0.073 42.267 0.802 0.157 0.005 0.986
(6.009) (0.03) (10.557) (0.027) (0.023) (0.005) (0.014)
UAE 0.461 0.123 31.767 0.925 0.064 0.002 0.994
(0.000) (0.029) (7.772) (0.007) (0.008) (0.002) (0.005)
Note: *Represent statistical significance at the 5%, and 1% levels, respectively. Numbers in parenthesis
represent standard errors of estimates The estimates are based on 1456 daily observations of country
returns between December 1st, 2005 and June 30th, 2011 as given by MSCI Barra country indices. All
country indices are in US currency. 88
Table 3.3. Dynamic Conditional Correlations (DCCs) statistics for frontier market returns versus US.
The table provides mean, standard deviation, skewness, kurtosis and Jarque-Bera test statistic for
DCCs. Constant correlations are given in the first column.
Country r Max Min Mean St.Dev Skewness Kurtosis Jarque-Bera Ljung-Box
Q(6)
Argentina 0.563 0.891 0.000 0.594 0.111 -0.856 4.58 329.357 5852.113
Bahrain -0.006 0.543 -0.422 0.003 0.069 -0.051 14.018 7366.275 5.493
Bulgaria 0.128 0.358 -0.15 0.089 0.145 0.256* 1.554 142.788 8587.543
Croatia 0.229 0.359 -0.159 0.152 0.097 -0.389 3.068 37.126 7903.064
Estonia 0.141 0.304 0.048 0.145 0.048 -0.01 3.062 0.261 7520.882
Jordan -0.024 0.098 -0.183 -0.016 0.017 -0.196 18.31 14231.09 1.544
Kazakhstan 0.175 0.448 -0.18 0.153 0.091 -0.457 3.756 85.594 7487.996
Kenya 0.031 0.148 -0.052 0.057 0.047 -0.258 2.223 52.708 8471.084
Kuwait 0.01 0.196 -0.044 0.027 0.011 2.272 48.003 4124.22 32.761
Lebanon 0.067 0.133 -0.085 0.002 0.034 0.644* 4.165 98.605 7151.362
Mauritius 0.042 0.071 0.000 0.071 0.002 -26.92 725.99 7782.967 0.001
Nigeria -0.009 0.000 -0.001 -0.001 0.000 26.92* 726.0 8157.192 0.001
Oman -0.014 0.203 -0.16 0.033 0.026 -0.142 13.69 6937.94 10.362
Pakistan 0.018 0.046 0.000 0.046 0.001 -26.92 725.993 7547.11 0.009
Qatar -0.006 0.539 -0.254 0.021 0.045 1.119* 22.637 2370.062 7.566
Romania 0.252 0.462 -0.148 0.201 0.126 -0.068 2.276 32.868 8440.583
Slovenia 0.182 0.143 0.000 0.143 0.005 -26.92 726.0 8255.15 0.001
Sri Lanka 0.019 0.166 -0.052 0.05 0.029 0.297* 4.006 82.954 5762.253
Tunisia 0.072 0.083 0.000 0.083 0.003 -26.92 726.001 8252.661 0.001
UAE 0.072 0.031 0.000 0.031 0.001 -26.92 726.0 8224.873 0.002
Note: The statistics are based on 1456 daily observations of country returns between December 1st,
2005 and June 30th, 2011 as given by MSCI Barra country indices. All country indices are in US cur-
rency. The null hypothesis of no kurtosis is rejected for all countries and * indicates the null hypothesis
for no skewness is rejected at 5% level. The distribution of the Jarque-Bera test statistic is approximates
q
2(2), with 5.99 critical value at the 5% level. The Ljung-Box test statistic is based on 6 lags and is
asymptotically distributed as q2(6) with critical value of 12.59 at the 5% level.
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Table 3.4. Parameter Estimates for ICAPM -TVP Model
ICAPM - TVP model for Frontier countries:
Rk,t = θk+βtσus,k,t+δkσ2k,t++uk,t, uk,t ∼ N(0,Hk),βt = c(1−ρ)+ρβ,t−1+nt, nt ∼ N(0,Q),
E(uk,tnt) = 0
Standard errors are reported in parentheses below the parameter estimates.
Country θk δk
√
Hk c ρ
√
Q
Argentina 0.601 0.011 783.552 0.599 0.086 286.087
(1.194) (0.026) (29.62) (0.000) (0.036) (21.416)
Bahrain 64.49 -0.275 0.818 2.883 0.101 352.351
(17.836) (0.047) (0.000) (0.000) (3.085) (6.533)
Bulgaria 135.642 -0.356 0.000 72.865 -0.819 496.096
(26.865) (0.051) (0.000) (88.263) (0.000) (9.199)
Croatia 0.599 -0.002 1.071 0.599 0.13 418.565
(2.907) (0.027) (3.093) (0.000) (0.000) (7.76)
Estonia -4.639 0.035 2284.63 -122.793 0.127 367.69
(20.081) (0.062) (130.87) (329.95) (0.057) (15.75)
Jordan 35.813 -0.193 2.518 -335.737 0.999 342.592
(23.281) (0.064) (6.544) (395.84) (0.000) (6.353)
Kazakhstan 23.974 0.064 1507.75 -338.109 -0.185 661.198
(64.465) (0.065) (183.78) (200.33) (0.123) (17.192)
Kenya 17.572 0.003 1554.18 -402.66 0.771 320.828
(27.173) (0.067) (161.12) (330.437) (0.039) (7.197)
Kuwait 71.539 -0.23 4223.29 284.092 0.267 386.647
(175.98) (0.105) (1234.2) (5080.95) (0.415) (12.355)
Lebanon -33.688 0.135 6484.01 -696.385 0.242 324.965
(20.128) (0.05) (405.17) (411.583) (0.067) (7.861)
Mauritius -17.098 -0.018 1404.53 594.571 0.701 338.408
(24.089) (0.067) (885.13) (532.989) (0.242) (18.466)
Nigeria 67.662 -0.198 166824.95 599.987 0.542 157.604
(49.493) (0.143) (5992.91) (2845.61) (0.028) (14.131)
Oman 26.618 -0.136 4048.29 635.55 0.13 330.35
(22.467) (0.041) (537.625) (456.51) (0.091) (11.036)
Pakistan 150.299 -0.46 4826.03 604.182 0.475 362.806
(67.059) (0.084) (1094.21) (1317.96) (0.121) (28.454)
Qatar 53.807 -0.166 3408.24 490.002 0.244 416.4
(28.169) (0.06) (588.246) (389.849) (0.177) (10.294)
Romania 126.059 -0.257 2004.86 145.591 0.061 434.975
(49.697) (0.093) (91.587) (114.236) (0.054) (14.635)
Slovenia 186.403 -0.185 2713.04 -833.162 0.153 39.211
(27.622) (0.076) (52.661) (280.015) (0.026) (19.102)
Sri Lanka -101.64 0.203 3054.165 951.809 0.402 286.239
(25.515) (0.058) (193.183) (371.037) (0.077) (7.472)
Tunisia 77.481 -0.191 818.001 -188.621 0.488 270.387
(27.671) (0.077) (256.396) (222.065) (0.146) (8.383)
UAE 119.107 -0.322 3580.96 400.865 0.648 512.207
(39.137) (0.074) (756.751) (571.34) (0.091) (12.526)
Note: Estimates are based on 1456 daily observations of country returns between December 1st, 2005
and June 30th, 2011 as given by MSCI Barra country indices. All country indices are in US currency.
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Table 3.5. Hypothesis Tests
The table presents values of test statistics obtained by examining the ICAPM - TVP model of Frontier
market returns. Our ICAPM - TVP model is specified as follows:
Rk,t = θk+βtσus,k,t+δkσ2k,t++uk,t, uk,t ∼ N(0,Hk), βt = c(1−ρ)+ρβt-1+nt, nt ∼ N(0,Q),
E(uk,tnt) = 0.
Statistical significance of parameters is tested via the likelihood ratio (LR) test, which is
approximately chi-squared. The sample spans from December 1st 2005 to June 30th 2011. The
following hypotheses are tested:
1. LR{βt = 0(c=Q= 0)} is a test for no impact of US covariance risk in the ICAPM - TVP model.
The 5% χ22 p-value equals 5.99.
2. LR{βt = β , aconstant (ρ =Q= 0)} is a test for no time-variation in the AR(1) parameter of the
ICAPM - TVP model. The 5% χ22 p-value equals 5.99.
3. LR{β = 0} is a test for no impact of US covariance risk in a constant coefficient ICAPM model
(βt = constant). The 5% χ21 p-value equals 3.84.
4. LR{δk = 0} is a test for no impact of Frontier market risk in the ICAPM - TVP model. The 5%
χ21 p-value equals 3.84.
Hypothesis Tested
Country βt = 0 βt = constant H0 : βt = 0 δk = 0
(c= Q= 0) (ρ = Q= 0) H1 : βt = constant
Argentina 289.79 289.663 0.136 0.176
Bahrain 0.059 0.046 0.012 33.59
Bulgaria 0.581 0.567 0.014 51.199
Croatia 0.094 0.019 0.075 0.007
Estonia 96.28 96.272 0.007 96.636
Jordan 3.29 3.276 0.014 8.825
Kazakhstan 36.808 36.583 0.225 37.715
Kenya 81.23 80.804 0.426 81.572
Kuwait 5.326 5.326 0.000 20.343
Lebanon 269.973 269.529 0.443 270.388
Mauritius 26.169 23.274 2.895 24.053
Nigeria 344.066 338.501 5.565 344.642
Oman 28.078 28.077 0.001 49.259
Pakistan 40.415 40.414 0.000 88.761
Qatar 28.949 22.889 6.06 31.838
Romania 219.982 213.726 6.256 221.216
Slovenia 41.154 41.155 0.000 50.292
Sri Lanka 188.912 188.919 0.006 234.599
Tunisia 5.448 5.4532 0.004 12.822
UAE 28.877 18.501 10.375 37.575
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Figure 3.1.
Dynamic Conditional Correlations between US and Frontier Markets
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Figure 3.2.
Frontier Market Returns and Fitted Values from the ICAPM-TVP Model
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Figure 3.3.
US and Local Market Components of Frontier Market Returns Estimated by the ICAPM-TVP Model
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